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QUANTUM MECHANICS 


By Eugen Merzbacher, University of North Carolina. In the clear expository style that 
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Now available 
for scientific 
laboratories... 


NEW 

SARGENT 
CATALOG 


An encyclopedia of scientific instruments, appa- 
ratus and chemicals—nearly 1500 pages of com- 
prehensive listings—for scientific men working 
in a professional capacity. 


Comprehensive — This new edition lists over 
38,000 items of scientific instruments, appara- 

Ai tus and chemicals. Items are compiled in famil- 

i oe iar alphabetical order by most commonly used 

names. Subject finding words are located at 
the outside top of each page for rapid location 
of items. Cross references are used throughout. 
Up-to-date illustrations—All principle items are 
illustrated on the same page as the catalog 
listing. Each illustration is up-to-date and ac- 
curate—corresponding with the merchandise 
supplied under the catalog listing. 


Permanent catalog number system—The per- 
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manent Sargent catalog number system is per- 
petuated—with numbers in sequence with the 
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distinguish alternatives and similarities be- 
tween listings. 
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at the time of printing. 
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Chemical Instrumentation 


S. Z. LEWIN, New York University, Washington Square, New York 3, N. Y. 


Tis series of articles presents a survey of the basic principles, 
characteristics, and limitations of those instruments which find important 
applications in chemical work. The emphasis is on commercially available 
equipment, and approximate prices are quoted to show the order of magnitude 
of cost of the various types of design and construction. 


13. Nuclear Radiation Electronic Gear. 


Pulse Amplifiers 


The amplifiers that have been described 
in the foregoing are intended for use with 
detectors that measure the total ioniza- 
tion produced by the nuclear radiation 
source, and their principal requirement is 
for very high amplification combined with 
stability, i.e., freedom from excessive drift 
and noise. When it is desired to count 
individual radioactive events, it is neces- 
sary to employ an amplifier with proper- 
ties that are appropriate to the nature 
and frequency of the detector pulses, as 


well as to the type of information it is, 


desired to obtain about the pulses. 

The first requirement of a pulse ampli- 
fier is that it must be capable of accepting 
and passing signals with rapid rise times 
and short durations. A pulse is fed onto 
the grid of a vacuum tube by being ap- 
plied to one plate of a capacitor, the other 
plate of which is connected both to the 
grid and, through a large resistor, to a 
grid bias voltage or to ground, as shown 
in Figure 11. If the pulse is thought of 


i} 


R 


Figure 11. Pulses aré fed into an amplifier 
through an RC circuit, the time constant of which 
determines the shape and height of the pulse 
that reaches the grid of the vacuum tube. 


as a burst of electrons approaching the 
left-hand plate of the capacitor in the 
figure, it will be clear that a similar burst 
of electrons must be repelled from the 
right-hand plate. These electrons are 
repelled onto the grid of the vacuum tube, 
making it more negative, and thus the 
electron pulse has been transmitted 
through the capacitor as a negative-going 
signal on the grid. This charge, however, 
immediately begins to leak away through 
R, and the signal on the grid decays in 


magnitude. The rate of decay is governed 
by the product RzC, which is called the 
time constant of the circuit. If the time 
constant is extremely short (RC very 
small), all the electrons repelled from the 
right-hand plate of the condenser may 
leak away through R so quickly that no 
signal ever builds up on the grid of the 
vacuum tube. On the other hand, if RC 
is too large, the charge released by one 
pulse may still be on the grid when a 
second pulse comes in, and the amplifier 
will be unable to resolve individual pulses. 
In pulse amplifiers, the time constant of 
the input stage, as well as of subsequent 
stages, is usually in the range of 0.1 to 
10 microseconds, this being a long enough 
time constant to permit a usable signal 
to be transmitted to the grid of the 
vacuum tube, yet short enough to permit 
the signal to decay substantially com- 
pletely between pulses for most counting 
rates. (If C = 1 micromicrofarad and 
R = 1 megohm, RC = 10° ohms X 10-" 
farads = 10~* seconds). 

A pulse amplifier for use with a Geiger- 
Mueller detector can be a relatively simple 
instrument, for the detector pulses are 
large and fairly uniform in size, and their 
pulse height has no special significance. 
However, the reliability and _ signal-to- 
noise ratio of these amplifiers are markedly 
improved by the use of negative feedback 


feature 


and pulse-shaping circuitry. In the case 
of amplifiers for scintillation and propor- 
tional counters, these features are usually 
indispensable. 


Figure 12. A negative feedback stabilized 
stage of amplification. The feedback of a por- 
tion of the output in opposition to the input takes 
place through R;, C3. 


The use of negatwe feedback to stabilize 
the gain and improve the linearity of an 
amplifier is illustrated by the schematic 
diagram in Figure 12. If a_negative- 
going signal is applied to the grid of the 
pentode shown in the Figure, the tube 
current will decrease. This causes the 
potential of the plate to become more 
positive (since J] X Ry = E, is reduced, 
the plate potential rises toward the supply 
voltage, EH.), and a positive-going signal 
is transmitted through C; and R; to the 
control grid, partially cancelling the pri- 
mary negative-going signal. Thus, a por- 
tion of the output is fed back in opposition 
to the input, and the net output signal is 
smaller than it would be without the 
feedback. However, the new output is 
stabilized by this feedback arrangement, 


A 


IL 


O+E 


“0 0 


Figure 13. An example of a feedback loop, in which a fraction of the output of the second stage is 


fed back to the grid of the first stage. 
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rom ELECTRONIC LABS, 
we 


$195 F.0.B. Brooklyn Plant 


Price Includes Probe and Detector 
The new transistorized Anton 457 radioactivity ratemeter will fit the most modest school or university budget 
and will fill your radiological counting needs with years of accurate trouble-free service. 

e Transistorized—No warm-up time. 

Adjustable Power Supply (500 V to 1200 V). 

Large 4% inch meter face indicates count rate... has dual range: 0-1500 CPM; 0-15,000 CPM. 
Loudspeaker for aural monitoring with volume control. 

Neon flasher for visual monitoring. 

External jack for meters or recorders for demonstrations, etc. 

The Anton 114/6993 thin-wall, stainless steel halogen quenched counter tube will withstand the most 
severe laboratory or student abuse. Its life is unaffected by extended operation and it cannot be damaged 
by overvoltage. 

The Anton 457 was designed to perform all experiments and demonstrations such as those listed in 
“Teaching with Radioisotopes prepared by the U.S. Atomic Energy Commission.” 


ANTON ELECTRONIC LABORATORIES INC. Division of the Lionel Corporation 


1226 FLUSHING AVE., B’KLYN 37, N.Y. 
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and can be .made substantially inde- 
pendent of drifts and random fluctuations 
occurring in the characteristics of the 
vacuum tube. 

When several stages of amplification 
are used, it is often effective to employ a 
feedback loop, such as is shown in simpli- 
fied form in Figure 13. Here, a fraction 
of the amplified signal in the second stage 
is fed back in opposition to the primary 
signal in the first stage. A negative-going 
signal impressed on the grid of pentode 
T-1 causes the tube current to decrease; 
this causes the potential of the plate of 
T-1 to rise, and as a consequence a posi- 
tive-going pulse is transmitted through 
the inter-stage coupling condenser to 
the grid of the second stage pentode, T-2. 
The current through this tube then in- 
creases, and the increased /R-drop in the 
plate resistor, R2, causes the plate poten- 
tial to decrease (become more negative 
relative to the supply voltage, #). This 
negative-going effect at the plate of 7-2 
is transmitted through the feedback 
coupling circuit, Rr-Cr, to the cathode of 
T-1, causing it to feel a negative pulse. 
But driving the cathode negative is 
equivalent to making the grid positive 
relative to its cathode. Hence, the por- 
tion of the second stage output signal 
fed back to the first stage diminishes the 
original negative-going grid signal that 
is being amplified. 


Pulse-Shaping 


Pulse-shaping circuits are employed to 
modify the characteristics of the input 
signal so that they are better suited to the 
requirements of the amplifier than is the 
original pulse from the radiation detector. 
One such circuit is the univibrator, shown 
in schematic diagram in Figure 14. In 
this arrangement, one of the vacuum tubes 
is normally conducting, and the other is 
cut off. A suitable pulse applied to the 
cut-off tube causes the circuit to “flip 
over,” i.e., the tube that was off comes on, 
and the one that was on goes off. This 
situation lasts only briefly, and then the 
circuit reverts to its original condition. 
Thus, a pulse applied to one tube of the 
pair can be translated into a differently- 
shaped pulse taken from a suitable place 
in the circuit of the other tube. 

The principle of operation of the uni- 
vibrator circuit can be understood rela- 
tively simply on the basis of the following 
qualitative considerations. The values 
of the various resistors and voltages in 
Figure 14 are chosen so that tube 7-1 is 
conducting, and tube T-2 is cut off. The 
grid of tube T-1, although connected 
through R. to the +300 v source, is 
actually at about ground potential, for 
it picks up grid current, J,, until [,7R, 
is approximately equal to 300 v. (If 
I, = 0.3 milliamperes, Jj + R2 = 3 X 
10-‘ amp X 10° ohm = 300 v). The cur- 
rent flowing from cathode to plate in tube 
T-1 under these conditions is about 10 
milliamperes, and since this makes the 
IR-drop in plate resistor R, equal to 200 
v (10 ma X 20 Kohms), the plate poten- 
tial of T-1 is about +100 v. Resistors 


(Continued on page A308) 
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Program for Economical 
Laboratory Growth 


Good laboratory planning provides for the orderly growth and 
expansion of laboratory facilities. 


Planning that begins with a Coleman Junior Spectrophotometer 
assures immediate mastery over the great science of spectro- 
photometric analysis—but more important it sets the stage for 
the addition of new techniques and whole new analytical sciences: 


The Coleman Ultramicro Analytical Program adds the whole 
new science of ultramicro analysis to the Junior Spectro- 
photometer, without interruption of existing routines or 
addition of unnecessary new equipment; 


The Coleman Flame Photometer combines with the Junior 
Spectrophotometer, in a masterpiece of efficiency and econ- 
omy, to add rapid, precise flame measurements of Na, K, 


The Coleman Electronic Photofluorometer is the finest and 
most economical instrument for general fluorimetric analy- 


sis. Operated with the Junior Spectrophotometer it achieves © 


a fifteen-fold gain in sensitivity that gives it analytical capa- 
bilities surpassing those of instruments costing more than 
twice as much. 


This is planned instrumentation, providing orderly, economical 
expansion of laboratory scope, without obsolescence or disturb- 
ance of the foundations upon which the growth is built. 


Coleman Junior Spectrophot: ter with Ultrami Analytical Program 


Coleman 
Electronic Photofluorometer 


COLEMAN INSTRUMENTS, INC., MAYWOOD, ILLINOIS 
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R; and R, serve, therefore, as a voltage 
divider circuit between the voltages of 
+100 at one end and —150 v at the other 
end. Thus, the potential of the grid of 
T-2 is more positive than —150 v by the 
amount: 


R 150 


That is, the grid of T-2 is at —50 v rela- 
tive to ground, and this is sufficiently 
negative to keep the tube from passing any 
current. 

If, now, a positive-going signal is applied 
to the grid of 7-2 in sufficient magnitude 
to cause this tube to begin to conduct, the 


(250) = 100 v 


O +300 V 
Ry 
20 K 
-2 
| 
~ oe) 
150 K 
-—150 V 


Figure 14. The univibrator circuit, in which a positive pulse applied to the grid of T-2 turns this tube 
on and T-1 off, after which the circuit returns to its starting condition. 


following regenerative effect sets in. The 
current starting up through plate resistor 
R, generates an JR-drop across this re- 
sistor, causing the potential of the plate 
of T-2 to decrease, relative to the +300 
v power supply. This falling potential is 
transmitted through the coupling con- 
denser, C2, as a negative-going signal on 
the grid of 7-1. This causes the current 
flowing through 7-1 to decrease, which 
reduces the [R-drop across R, and causes 
the plate potential of 7-1 to rise (become 
more positive). This, however, requires 
the grid of 7-2 to become more positive 
also, since the latter is connected to the 
former through the voltage divider resistor 
Rs. 

Thus, we have seen that the starting up 
of current in 7-2 causes the current in 
T-1 to diminish, which causes the grid 
of T-2 to become still more positive, which 
will cause the current in 7-2 to increase 
still further. That is, any increase in 
current in 7-2 causes this current to in- 
crease some more, and the new increment 
in current leads to yet another incre- 
ment, etc., in the manner of a self-nour- 
ishing explosive reaction. This regen- 
erative process continues until tube 7-2 
is conducting heavily, and tube 7’-/ is cut 
off. With 7-1 cut off, the regeneration 
ceases, and the circuit is in a new, tem- 
porarily stable state. 

However, tube 7-1 is cut off because of 
the negative charge which has been built 
up on its grid by transmission from the 
plate of 7-2 through the capacitor C2. 
This charge will leak away through R: at 
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Hamilton Microliter Syringes* 


Accurate liquid discharges may be made in the range of 500 
ul to 0.02 ul by direct reading of the Hamilton Microliter 
Syringe scale. These instruments have proven very valuable 
as research and analysis tools in chromatography, chemistry, 
biology,and medicine. Hamilton Microliter Syringes are made 
of precision bore NC glass, are individually fitted with stain- 
less steel plungers, and are not interchangeable. The clean, 
unlubricated syringe is leak tight when tested with water at 
150 psi. Subdivision of calibration is with precision of gradua- 
tion better than 2%. Six syringe models, from a 1.0 ul capacity 
to a 500.0 ul capacity. *Patent Number 2933087. 


Hamilton Gas-Tight Syringes are ideal for gas chromatog- 
raphy, for pipetting gas, for pipetting corrosive liquids, and 
particularly liquids which ordinarily cement syringe plungers 
to the barrel. They incorporate a stainless steel plunger, coated 
with corrosion resistant Teflon Resin, and a Teflon tip to pro- 
vide for stiff but smooth plunger movement. Seven gas-tight 
syringe models, from a 0.05 ml capacity to a 10.0 ml capacity 
*Patent pending. 


Chaney Adaptors 


Chaney Adaptors were developed to rapidly deliver a precise 
quantity of liquid throughout a series of injections or deliver- 
ies. They easily give repeatability of 1% or better with semi- 
skilled operators. With careful work, repeatability can be 
0.1%. These syringes with adaptors are ideal when chroma- 
tography is used for plant control, in the laboratory pipetting 
of standard solutions for routine analysis, or making a series 
of standard volume injections. 


FREE CATALOG. 

For complete information 
on these products, 

write for Catalog H-9. 


Special Purpose Needles 


Hamilton needles are available in any length to about 8 feet, 
with any style point from a square polished tip for paper 
chromatography, to a 22 degree bent bevel polished for the 
penetration of septums or rubber closures. All stainless steel 
needles and the nickel plated brass hubs. These hubs, electro- 
plated with gold, can be supplied with platinum needles in the 
following sizes: 22 and 28 gauge. 


Shielded Syringes 


Hamilton offers a complete set of Lead shielded syringes... 
the lightest weight of shield-to-size yet devised! 2 inch lead 
shielding equivalent to 4 hvls for gold or 16 fold radiation 
reduction. Beta shielded syringes are available that provide 
complete Beta shielding phosphorus*? or yttrium in any con- 
centration. The clear Pyrex glass envelope around the syringe 
gives direct reading of the syringe. 


Pipet Controls* 


Hamilton Microsyringe pipet controls make pipetting rapid 
and precise. Smooth control of-the meniscus is guaranteed by 
Hamilton’s excellent workmanship and quality control. The 
optimum in operating range for the 1 ml Microsyringe is from 
1 lambda to 200 lambda. *Patent Number 2564273. 


Micro and Semi-Micro Pipets 


The Hamilton Micro and Semi-Micro 
Pipets, used in conjunction with Hamilton 
Microsyringe Controls, give excellent vol- 
umetric accuracy. They are individually 
calibrated “To Contain” or “To Deliver” 
their stated volumes. 


Fraction Collector 


The Hamilton Fraction Collector isolates 
the exceedingly pure gas chromatograph 
fractions for supplemental analysis, such 
as by mass spectrometry and infra red or 
ultra violet spectrophotometry. It is par- 
ticularly suited for low boiling hydro- 
carbons. 
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a rate determined by the time constant 
R, x C2 (ef. Fig. 11). Soon the grid of 
T-1 has lost enough of this. negative 
charge that a current can begin to flow 
in this tube. The starting up of a current 
in T-1 causes the potential at its plate to 
decrease, transmitting a negative-going 
signal to the grid of 7-2, etc., and setting 
in motion a new regenerative effect lead- 
ing to the shutting off of 7-2, and the full 
conduction of T-1. 


30m SEC 
Figure 15. A. Puises coming from the radiation 
detector may vary in height and shape. 8B. 
After reshaping in a univibrator circuit, the pulses 
have identical shapes, and a definite duration. 


Thus, any pulse of sufficient magnitude 
fed onto the grid of 7-2 can initiate the 
flipping over of the univibrator, but the 
time during which tube 7-1 is cut off, 
and the delay before the univibrator re- 
turns to its starting state are independent 
of the characteristics of the original pulse. 
If the output pulse is taken from the plate 
of T-1, Figure 15 shows how the input 


signal can be reshaped by passage through 
the univibrator circuit. 

Another commonly used pulse-shaping 
circuit is the delay line, a simplified sche- 
matic of one type of which is shown in 
Figure 16. The combination of induct- 
ance and capacitance in this network has 
the effect of retarding the rise of the steep- 
est portions of the pulse relatively more 
than of the less steep leading and trailing 
edges, so that a result similar to that 
shown in Figure 15 is obtained. That is, 
the top of the pulse may be “clipped” and 
spread out as a result of passage through 
the delay line. 


Figure 16. A simple delay line used for the re- 
shaping of pulses. 


Non-Overloading Amplifiers 


When a pulse amplifier is used for linear 
amplification of the signals from propor- 
tional or scintillation detectors, it is often 
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the case that the radiation source generates 
both small and large pulses, and the pres- 
ence of the large pulses may prevent the 
amplifier from faithfully magnifying the 
small pulses. That is, a large input 
signal may overload an amplifier, by which 
is meant the fact that the tube currents 
may be large enough to push the opera- 
tion of the tube into the non-linear por- 
tion of the tube characteristic curve, and 
to alter the effective plate and grid volt- 
ages from their desired range of values. 
Because of the finite time constants of 
the various parts of the circuitry, an 
amplifier does not recover instantaneously 
from such overloading. However, by 
careful design of the circuitry, and by 
careful selection of the amplifier’s vacuum 
tubes, it is possible to minimize these 
effects. A  non-overloading amplifier is 
one which has been so designed. The 
criterion of the performance of such an 
amplifier is the time it takes for the output 
base line to recover its initial value after 
an overload of several fold over the maxi- 
mum signal for which the circuit is in- 
tended; i.e., several times the signal which 
gives full-scale deflection of the output 
stage read-out. 


Coincidence Amplifiers 


A type of amplifier that is often em- 
ployed when it is desired to eliminate the 
interference of high energy radiations 
from the measurement of a low energy 
component, or to reduce the background 
count when measuring a low level source, 
is the anti-coincidence amplifier. The 
operation of this type of circuit may be 
most easily understood by considering 
first the coincidence circuit, shown in 
simplified form in Figure 17. In this 
case, consider that the circuit components 
and applied voltages are chosen so that 
both tubes are normally conducting. 
If a negative-going signal is placed on the 
grid of tube 1, the current through that 
tube will decrease or be cut off, depending 


Figure 17. A coincidence circuit, in which the IR- 
drop across the common cathode resistor does 
not show a large change unless pulses e; and 
@: are simultaneous. 


upon the magnitude of the signal. This 
would tend to decrease the current flowing 
through the common cathode resistor, P. 
However, if the JR-drop across the re- 
sistor decreases, the cathodes of both 
tubes become more negative (closer to 
ground, in the diagram as shown), which 


(Continued on page A312) 
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years for performing reliably in every recording chore within 
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MICROFOCUS 
X-RAY 
DIFFRACTION 
GENERATOR 


Features Three 
Interchangeable Tubes 
— Loadings up to 10.mA 


This new high-power Microfocus X-ray 
unit has high brilliance, fine focus (line 
or spot) and generous table-top space 
around tube for equipment. The gen- 
erator can be supplied with a cheice of 
tubes and focusing guns with a load- 
ing up to 50 kV, 10 mA — a range 
providing electron beams accelerated 
either horizontally or vertically. 

This versatile generator, when used 
with the new two-circle or single dif- 
fractometer (as illustrated), offers ex- 
tremely high resolution and sensitivity 
—and permits broader applications for 


Hilger X-ray diffraction 
cameras, goniometers, and 
other accessories. 


For a complete description of this high- 
power generator ask for Catalog CH 356 


ENGIS 


IPMENT COMPANY 
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is equivalent to the grids becoming rela- 


tively more positive with respect to their 
cathodes. If the input signal is large 
enough to keep tube 1 cut off, this posi- 
tive-going effect on the grid of tube 1 


has no effect, but the positive effect on 


IR-drop. Thus, if the output is taken as 
the voltage drop across this resistor, a 
large signal is obtained only if both grids 
are pulsed in coincidence. Two radiation 
detectors are used with this type of ampli- 
fier; a high energy nucleon traveling along 
a line defined by the locations of the two 
detectors will trigger essentially simul- 
taneous discharges in both, and a coinci- 


tt 


Figure 18. A discriminator circuit based on a rectifier diode. 


Pulses cause current to flow through 


the rectifier only if they exceed in voltage the reverse voltage bias applied across the rectifier by the 


battery and slidewire. 


the grid of tube 2 causes the current 
through tube 2 to increase. Thus, the 


decrease in current in tube / causes an 


increase in current in tube 2, and the net 
current through the cathode resistor R 
does not change much. However, if the 
grids of both tubes are fed negative-going 
signals simultaneously, the cathode re- 
sistor R must show a large decrease in 


dence will be recorded by the amplifier. 
In this way, directional information or 
selectivity can be achieved. 

The anti-coincidence circuit is very 
similar to the coincidence circuit described 
above, with the exception that one of the 
tubes is biased so that it is conducting, 
while the other is biased off. The de- 

(Continued on page A314) 


® ONE BASIC MIGRATION CHAMBER can be 
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ble electrophoresis apparatus 
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tector that feeds pulses to the tube that 
is normally on is arranged to feed its grid 
negative pulses, while the other detector 
feeds positive pulses to the grid of the tube 
that is normally off. If either one or the 
other detector sends a pulse to the circuit, 
the two tubes will become either both on, 
or both off, and the cathode resistor cur- 
rent shows a marked change in magni- 
tude: However, if both detectors send 
in pulses simultaneously, the current in 
the common cathode resistor is not af- 
fected, since under these conditions one 
tube is on and the other is off (viz., the 
circuit is in the mirror image of its resting 
condition). 


Discrimination 


It is often important to amplify only one 
type of pulse in the presence of another, 
or to pick out a pulse of given size range 
from accompanying random noise pulses, 
and the circuitry employed for this pur- 
pose is called a discriminator, or pulse 
height selector. One type of circuit used 
for this purpose is shown in Figure 18. 
The heart of this circuit is the 1N34 diode, 
which passes current only when the volt- 
age difference across it is in a certain 
direction (e.g., positive to the left and 
negative to the right of the rectifier sym- 
bol in the figure). By means of a battery, 
E, and a slidewire, a voltage is applied 
across the diode in the sense opposite to 
that which produces conduction. If a 


O+300V 


SIGNAL 
OUT 


Figure 19. The Schmitt trigger circuit. When the voltage applied to the grid of T-1 reaches a critical 
value, the circuit triggers sharply, causing the tube that was conducting to go off, and vice versa. 


pulse is fed into this circuit, it will result 
in a flow of current through the diode 
only if its voltage exceeds: the biassing 
voltage. Thus, the circuit can be adjusted 
to pass only those pulses which are bigger 
than any predetermined size. 

Another type of discriminator circuit 
that is widely used in nuclear detection 
amplifiers is the Schmitt trigger, shown in 
Figure 19. In this circuit, one of the 
tubes is normally conducting and the 
other one is cut off. When the voltage 
applied to the grid of the cut-off tube is 
made more positive, a critical value is 
reached at which a regenerative effect 


sets in (see discussion above of univibra- 
tor circuit) that turns this tube on, and 
turns the other tube off. This triggering 
effect can be set to occur for any desired 
voltage level, so this circuit can be em- 
ployed to announce when a signal has 
reached a given value, and, in fact, can 
tell whether the signal has approached 
that value from above or from below. 

The action of the Schmitt trigger can 
be understood qualitatively as follows. 
Consider that tube 7-1 in Figure 19 is 
not conducting because its grid is negative 
with respect to its cathode. If this grid 

(Continued on page A316) 
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the first portable, “desk-top” 


Model 500 
decimal printer 


— the TMC Model 404 


The new TMC Model 404 is the most portable pulse 
height analyzer you can own. Take it and use it anywhere. 
With its all-transistor, printed circuitry and 400-channel 
memory in a package just over a cubic foot, this analyzer 
is small enough to operate on your desk. All the instru- 
ments needed for an experiment can be carried easily by 
one person. : 

The Model 404 has a magnetic core memory that can be 


Model 404 
pulse height analyzer 


used in sub-groups of two or four; four separate inputs 
and associated amplifiers; internal pulse routing circuitry; 
pushbutton data transfer and display overlap; very low 
power requirements and many ‘“‘system” advantages. And 
it can be used with the new solid state detectors. 

For readout, use its companion unit, the Model 500 
Decimal Printer; a high speed paper tape punch; strip 
chart or X-Y recorders; or an IBM electric typewriter. 
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© High temperature oven variable to 350°C 
with fan for air circulation and 
rapid cooling. 

® Stainless steel injector with adjustable 
temperature to 400°C. 

@ Panel controlled stream splitter. 

@ Sensitive electrometer with coarse and 
fine zero control, accurate attenuator, and 
ignitor button. 

© Stainless steel flame head with 
ignitor coil. 

@ Air pump, air filter, packed 4” stainless 
steel column and other accessories. 

© Aerograph linear 6-way gas sampling 


valve, optional. 
PRICE COMPLETE $895.00 


For special details on applications write for Aerograph 

Research Notes Spring 1961. If as have a difficult problem requiring great 
sensitivity and high temperatures such as sex hormones, waxes, 
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The Aerograph Hy-Fi is guaranteed against any defects and to 
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is gradually made more positive, nothing 
happens until the grid potential has risen 
sufficiently close to the cathode potential 
to permit some tube current to flow. 
When this current starts in 7-1, regenera- 
tion sets in, for the current causes the 
potential of the plate of T-1 to decrease, 
which makes the grid potential of T-2 
more negative, and causes the current 
in T-2 to decrease. The net effect of the 
increase in current in 7-1 and the decrease 
in T-2 is a small decrease in the total 
current through the common cathode 
resistor, R;. This makes the cathodes 
more negative than they were, and is 
equivalent to the grid of 7-1 becoming 
more positive. This further increases the 
current in 7-1, further reduces this tube’s 
plate potential, causes the grid of 7-2 
to become still more negative, etc., and 
the regeneration rapidly leads to the cut- 
ting off of 7-2, and the full conduction of 
T-1. After this triggering has occurred, 
making the grid of 7-1 more positive by 
means of the input signal merely causes 
this tube to conduct more heavily, but 
does not change the state of the circuit. 
If the input signal is reduced in magni- 
tude, the regeneration sets in in reverse 
when the critical level of potential is 
reached. 

A single channel differential analyzer 
contains two discriminator circuits, so 
arranged that one of the discriminators 
acts as a lower gate or window to pass 
all pulses larger than a preset value, and 
the other discriminator acts as an upper 
gate to pass only those pulses having 
smaller amplitudes than its preset value. 
Thus, the two discriminators provide a 
selected pulse height interval, and only 
pulses whose heights lie within this in- 
terval are accepted for amplification. 
By varying the locations of the upper and 
lower windows, the entire distribution of 
pulse heights produced by a radiation 
source can be determined. This is the 
basis of the relatively new and rapidly 
develuping field of pulse height spectrom- 
etry. A variety of pulse height analyzers 
employing single channel and multi-chan- 
nel selectors is now commercially available. 


Cathode Follower 


In the coupling of an amplifier to a 
radiation detector on one side, and to a 
read-out device on the other, it is often 
essential to have an impedance matching 
stage between these units. If the input 
impedance of a device is low, the device 
will draw appreciable current from any 
source to which it is connected. If the 
output impedance of a source is high, it 
may be incapable of delivering appreci- 
able currents. A circuit that can be 
used as a coupling stage to permit the 
output of a high impedance source to 
control a low impedance circuit is the 
cathode follower, shown, in schematic 
diagram in Figure 20. The signal from 
the high impedance source is applied to 
the grid of the vacuum tube through the 
high impedance capacitor-grid resistor 
circuit, and negligible current is drawn 
from the source. The signal modulates 
the tube current, and the changes in the 
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ig latter can be observed as variations in the I 
n IR-drop across the cathode resistor, Rx. 
al Since the tube current is relatively large, p | t t t t p 
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it Figure 20. The cathode follower circuit for i | 
t. impedance matching. The input to this circuit is EASY TO USE ; 
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e is taken across the low impedance, Rx. i 4 
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that the variations in the JR-drop across 
- the cathode resistor precisely follow the _ CONTROLS x 
0 variations in the input signal. : All controls on front of case, clearly : 
rs _ designated. Independent pan brake 2 
38 Scalers stabilizes the pan before beam is 
d The output from a radiation detector- released. Simple mechanical zero . 
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y In order to count the individual pulses, a 
1- and register their number, it is necessary Pe aati 
a to devise a high-speed counting instru- 
d ment capable of responding to impulses READOUT 
of that are only microseconds apart. The Eye-level, in-line, unobstructed 
n function of a scaler is to provide an elec- readout. Wide-spaced lines on pro- 
e tronic means of scaling down the fre- jected scale. Projection scale in re- 
y of of the cessed shadow box. Light filter in 
= amplifier without losing any information, tical path cuts out glare. 
Ss so that the scaled-down rate of pulsing = 
I- can be presented in a form suitable for 

procedure is simply to load pan, dial weights, 
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WHY JULIUS SUMNER MILLER CAME TO CENCO 


WITH HIS NEW IDEA... 


Julius Sumner Miller, Professor of Physics at El] Camino 
College, California, came to Cenco with ideas for four proved 
teaching devices which would stimulate student interest and 
demonstrate important laws in physics. Cenco engineers, in 
collaboration with Professor Miller, have designed and devel- 
oped these new devices. . . a thermal expansion apparatus ...a 
temperature coefficient of resistance apparatus . . . a rocket 
propulsion demonstrator . . . and a triple track inclined plane. 
These teaching aids fit into any physics course. They are stur- 
dily built for student use and of large dimensions for lecture 
demonstration. Professor Miller is typical of scientists in both 
the teaching profession and in industry who come to Cenco 
and find a cooperative atmosphere for the development of new 
ideas. This is another example of new laboratory instruments 
from Cenco to aid in teaching the fundamentals of science. 
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1700 Irving Park Road e Chicago 13, Illinois 
Mountainside, N. J. Montreal Santa Clara 
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New Miller devices: 
Thermal expansion 
apparatus No. 77430, 
$49.50 (top left); temper- 
ature coefficient of 
resistance apparatus 
No. 83064, $37.50 (bot- 
tom left); propulsion 
demonstrator No. 76176, 
$21.50 (top right); 

triple track inclined 
plane No. 74870, $69.50 
(bottom right). 
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T-8 and T-4. The cathodes of the twin 
diode are normally at a potential equal 


flows through 7-1 and T-2. The pulses 
to be scaled down are applied to the twin 
diode cathodes, driving them negative 
with respect to their plates, and per- 
mitting current to pass through both 


to that of the plates, and no. current (Continued on page A322) 
¢ —O +300 V 
N Ro 
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Figure 21. The scale-of-two circuit; for yielding .an output having exactly one-half the frequency of 
the input. T-1 and T-2 are rectifier tubes through which the input pulses are fed to the two trigger 
tubes, T-3 and T-4. 
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Students Prepare Radioactive 
Precipitate in Minutes 


The single most outstanding feature of the 
new 4001 Nuclear Training System is ease of 
sample preparation. Nuclear-Chicago has de- 
veloped a simple and unique chimney funnel 
which contains a porous steel disc on which 
the radioactive precipitate is deposited. The 
technique is simple and consists of three easy 
steps: (1) The porous sample disc is placed 
in lower portion of the funnel. Chimney holds 
disc in place. (2) Suspension of radioactive 
material is added and liquid phase filtered off. 
Disc with radioactive deposit is removed, dried, 
and placed in sample-pan holder. (3) The 
holder is inserted into three-level sample 
mount for counting. The disc is easily cleaned 
and may be used repeatedly. Entire procedure 
takes only minutes. 


Model 4001 Nuclear Training System 


Shipped complete with Scaler, Timer, Mount, 
Geiger Tube, Radionuclide Set, two Sample 
Preparation Sets, Solid Source Set, Radio- 
nuclide Certificate’ Book, nine Experiment 
Manuals, and Instructor Notes Manual. The 
Model 4001 system provides all the radioactive 
reagents, instruments and accessories re- 
quired by the experiments. Price $965.00 
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Nuclear-Chicago offers complete classroom nuclear 
laboratory, 33 special radiochemistry experiments 


Student experiments, platform 
demonstrations, postgraduate 
research. Radioisotope training 
can now be incorporated into every 
chemistry class with the first com- 
plete low-cost nuclear laboratory 
developed for schools. Model 4001 
system is a precise teaching aid 
supplied with specially prepared 
course material to integrate radio- 
chemistry into the course curricu- 
lum without disrupting existing ex- 
periments. Though its precision and 


reliability make it valuable in radio- — 


chemical research, operation is so 
simple that it may also be used in 
advanced high-school teaching. 


New insights and new interests 
come from the dramatic use 


of radioisotope procedures in con- . 


ventional classroom experiments. 
While the important chemical sub- 
ject matter is taught, the instructor 
can at the same time include nuclear 
techniques as a secondary feature 
... without having to change course 
material. With the 4001 system, ra- 
dioactivity is presented naturally as 
another tool with which to solve the 
practical problems of science. 


The fact that students may 
have had little or no experience 
in handling radioisotopes is recog- 
nized in the practical experiments 
contained in the laboratory man- 
uals supplied with the 4001. Even 
spills present no serious problem 
because of the extremely low 
amount of radioactivity used by 
each student. No license from the 
Atomic Energy Commission is re- 
quired to purchase or use the iso- 
topes supplied with the system. 
Most of the experiments presented 
in the manual are planned so that 
one generally licensed package of 
radioactive chemical will suffice for 
30 or more students. 


33 radioisotope experiments for 
the chemistry curriculum. Full 
emphasis on the chemical principles 
rather than the technical aspects of 
radioisotopes is given in the 33 spe- 
cially developed experiments. The 
187-page Laboratory Manual and 
the 60-page Instructor Notes Man- 
ual provide a detailed, comprehen- 
sive source of radioisotope informa- 
tion and experiments. Fifteen of 
the experiments illustrate the prop- 


erties of radioisotopes and the in- 
struments involved in their detec- 
tion and measurement. The remain- 
ing 18 emphasize the role of radio- 
activity in chemical analysis. 


Send for free text. A copy of the 
187-page Laboratory Manual and 
further information on the 4001 
system are available to educators 
at no charge. Please request your 
copy of the Chemistry Experiment 
Manual and 4001 brochure. 
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tubes. These currents flow through the 
plate resistors R; and R; of both scaling 
tubes, causing the plates of 7-3 and 
T-4 to become more negative in potential 
than they were. Since these plates are 
coupled to the grids of the other member 
of the pair, the effect of the original pulse 


going pulse on this grid causes the tube 
current to begin to decrease. This raises 
the potential at the plate of 7-3, which 
in turn raises the potential of the grid of 
T-4, which causes current to start up 
in T-4, lowering the potential of the plate 
of T-4, which causes the grid of T-3 to 
become more negative, decreasing still 
further the current in 7-3, etc., etc. The 
regenerative process rapidly leads to the 


AAAA 
uw 


OUTPUT 


Figure 22. A transistorized scale-of-two circuit. 


D-1 and D-2 correspond to the rectifier tubes in 


Figure 21; Q-1 and Q-2 correspond to the trigger tubes. 


is to produce negative-going potentials on 
the grids of both scaling tubes. Since 
the grid of 7-4 is already cutting this 
tube off, an additional negative-going 
pulse on this grid has no effect. How- 
ever, T-3 was conducting, and a negative- 


cutting off of T-3 and the full conduction 
of 7-4. Thus, the introduction of a pulse 
has flipped the circuit over from (7-3 on, 
T-4, off) to (T-3 off, T-4 on). 
The neon bulb, N, is in parallel with 
(Continued on page A324) 
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the plate resistor, Ri, of 7-3. When T-3 
is conducting, the /R-drop through R; 
corresponds to a sufficient voltage to light 
the bulb. When 7-3 goes off, the light 
is extinguished. Hence, the light goes on 
for every other pulse fed to the circuit; 
e.g., if four pulses have been fed in, the 
bulb has been lit twice, and extinguished 
twice. That is, the frequency of lighting 
of the bulb is exactly one-half of the fre- 
quency of the pulses; if the bulb (or, 
equivalently, the /R-drop acress one of 
the plate resistors) is taken as the output 
signal, the frequency of the input has 
been scaled down by a factor of two. 
The output from this scale-of-two cir- 
cuit can now serve as the input to a 


->———>— PATH A—>——>— 


-—<———~<— PATH B 
A 


V4 V2 V3 V4 


FLIP-FLOP 4 FLIP-FLOP 2 


FLIP-FLOP 3 


FLIP-FLOP 4 


Figure 23. Schematic representation of the principle that permits four scale-of-two stages to be 
cascaded and modified with feedback loops to yield a scale-of-ten counting arrangement. 


second scale-of-two circuit; ie., the 
circuits can be cascaded. If two binary 
circuits are cascaded, the output at the 
last stage has been scaled down by a fac- 
tor of 4; if three, by 8; if n, by 2”. 
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Binary scalers are currently available with 
final-stage scaling factors of 1024, and 
higher. 

Figure 22 shows a scale-of-two circuit 
based upon the principles outlined above, 
but in which NPN-type transistors are 
employed in place of vacuum tubes. In 
this circuit, the collector corresponds 
to the plate of the triode, the emitter to 
the cathode, and the base to the grid. 

The binary system of recording counts 
is simple electronically, but creates some 
arithmetic difficulty in making computa- 
tions according to our decimal (i.e., 
scale-of-ten) system. Therefore, con- 
siderable ingenuity has gone into the de- 
sign of circuits that permit the funda- 
mental scale-of-two to be cascaded in 
such a way as to yield a scale-of-ten 
counter. The principle of this method 
of achieving a decimal scaler is shown 
schematically in Figure 23. This con- 
sists of 4 scale-of-two circuits, such as 
would be found in a scale-of-sixteen 
scaler. However, when the tenth pulse 
is fed in, V2 comes on and a signal is sent 
over path A to cut off V; and turn Vs on. 
Although V2 was also turned on at the 
second, fourth, sixth, and eighth pulses, 
V; was off at those times, and the signal 
in path A had no effect. When V2 comes 
on, it normally turns V; on, but on this 
tenth pulse, the turning on of Vs sends 
a pulse back over path B that prevents V3; 
from being affected by V2. In this way, 
there result ten different combinations of 
the four bistable flip-flop states produced 
successively by ten pulses. Each com- 
bination can be assigned a digit, and a 
scale-of-ten decade unit is the result. 
An example of such a decade scaler cir- 
cuit is given in Figure 24. 

A scaling decade can be achieved in a 
much simpler fashion by the use of a beam 
switching, or glow transfer tube. This is 
a tube containing a filling of neon or other 
noble gas, a permanent magnet surround- 
ing the tube, and three sets of ten each of 
electrode elements plus a single cathode. 
The electrodes consist of a grid, a plate, 
and a spade, respectively, and ten groups 
of these three electrodes are spaced around 
the central cathode as shown in the 
Figure. 

Consider that a discharge exists in the 
tube so that an electron beam flows from 
the central cathode to one of the plates 
(No. 0 in the figure). When a pulse is 
applied to this tube, it is arranged to 
make the ten grid electrodes (all of which 
are connected to a common point) beéome 
more positive. The glow discharge will 
then move over toward that grid and then 


(Continued on page A327) 
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climb along the beam-forming spade 
electrode as the pulse dies away. The 
discharge “locks in” on the plate (No. 1, 
in the figure) toward which the shape 
of the spade has directed it. The glow 
will then remain here until the adjacent 
grid is made positive, by virtue of a new 
pulse coming in, as a consequence of which 
the glow will move over to plate No. 2. 
Each pulse, applied simultaneously to all 
grids, advances the glow by only one 
position at a time, and always in the 
same direction (clockwise, in the figure). 
Thus, the location of the glow discharge 


at any instant shows how many pulses 
have been fed into the scaling unit, in 
units of ten. These beam switching tubes 
can also be cascaded, so that the second 
stage tube gets its puises from the No. 10 
(i.e., 0) position in the first stage tube. 


Rate Meters 


The actual counting of total numbers 
of discrete pulses over precisely defined 


. time intervals can be avoided through the 


use of a circuit which totalizes the pulses 
in a differential way, so that the condi- 
tion of the circuit is sensitive to the rate 
of pulsing. This is called counting-rate 


(Continued on page A328) 
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Figure 24. Circuit diagram of a decimal scaler based on the principle illustrated in Figure 23. 
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Beam-Forming 
Locking Spade 


Figure 25. Schematic diagram of the electrode 
configuration in a beam switching tube. The 
grid electrodes are the small circles located be- 
tween each plate and spade. A glow discharge 
occurs between the central. cathode, and one of 
the plate electrodes. 
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Figure 26. A portion of the circuit diagram of the counting-rate meter employed in the Anton Elec- 


tronic Labs’ Model 6 Radiological Survey Meter. 
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circuitry, and involves two principal fea- 
tures. Provision must be made, if it is 
not already included in the amplifier that 
precedes this circuitry, to shape the pulses 
so that every pulse is equal in height and 
duration. This is commonly accom- 
plished by the use of a univibrator circuit 
(see above for detailed explanation of this 
circuit). The counting-rate circuit is 
then arranged so that each pulse puts a 
definite amount of charge on a capacitor. 
Simultaneously, some of the charge on 
the capacitor leaks off through a. high 
resistance. The steady state charge on 
(or, voltage across) the capacitor is thus 
due to the dynamic balance between the 
rate at which pulses are fed in, and the 
rate of leakage of the stored charge. 
A voltmeter connected across the capaci- 
tor can be calibrated to read directly in 
counts per minute. 

An example of a count-rate meter used 
in a commercial survey instrument (Anton 
Electronic Labs Model 6 Radiological 
Survey Meter, $139.56) is given in 
Figure 25. The two transistors, V-1 and 
V-2, constitute a univibrator; pulses from 
the G-M tube cause V-2 to go off and V-1 
to come on. V-1 stays on for a time 
determined by the product of R-10 times 
the capacitance chosen by the selector 
switch. This results in a voltage pulse 
at the collector of V-1; this pulse passes 
current through the silicon rectifier, 
CR-1, and adds charge to the capacitor, 
C-5. The meter, M, is in parallel with 
the storage condenser, so that some of the 
charge leaks off through it. The de- 
flection of the meter is therefore propor- 
tional to the rate of pulsing of the G-M 
tube. 

A counting rate meter is very useful if 
changing levels of radioactivity are to be 
determined, as in the surveying of an area, 
or the monitoring of a flowing stream. 
The counting rate circuit adapts very 
simply to the driving of a continuous re- 
corder, so that a continuous and permanent 
record of the radiation level is obtained. 
However, in relating the output of a count- 
ing rate meter to radioactivity level, it is 
important to take into account the errors 
that may result from the relatively large 
time constant necessary in the tank circuit 
(storage capacitor plus its shunting re- 
sistance). 


(Continued on page A330) 
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Since the storage condenser is simul- 
taneously charging and discharging, the 
time required for its equilibrium state to be 
achieved depends upon the rates of both 
these processes. The former depends upon 
the radioactivity level (N counts per 
minute) being measured, whereas the lat- 
ter is constant for a given setting of the 
selector switches of the instrument (viz., 
given values of R and C). Hence, the 
equilibrium time of a counting rate meter, 
defined as the time necessary for the deflec- 
tion to change from zero to the average 
value of the counting rate, is a function of 
that counting rate, in a manner that is 
given by the following equation. 

t = RC(1.15 loge 2NRC + 0.394) 
This time can be of the order of several 
minutes for counting rates of less than 
1000 counts per minute. When switching 
from the measurement of one radiation 
source to another, it is not necessary to 
wait the full time specified by this equa- 
tion, since the storage condenser is not 
starting from a state of zero charge. In- 
deed, the smaller thé change is in intensity 
level, the shorter may be the waiting period 
before reading the meter. 

The probable error of an instantaneous 
reading of a counting rate meter is a func- 
tion of the counting rate and of the time 
constant of the tank circuit, as shown by 
the equation: 


0.6745 
PE. = 
V2NRC 


This error can be reduced by averaging the 
reading over a period of time. 
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changeable. 


e Even after vacuum operation over a 
period of time, there is-no loss of 
lubricant—further evidence of a 
tight seal. 


e Virtually friction-free ground sur- 
faces; diamond-honed bearings. 

e Borosilicate glass used in all parts 
for added strength and longer life. 
(Teflon stirrer blades available.) 

e Convenient lubricant reservoir on 
bearing top. 

e Inexpensive adapters permit con- 


necting shafts to motors with chuck 
openings as small as 4". 

KONTES 

GLASS 

COMPANY 

Vineland, New Jersey 

First Choice For Quality Technical Glassware 

Midwest Distributor: Research Apparatus, Inc., Wauconda, Ili, 


| 
Please send review and articles describing the 
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Edited by William G. Kessel 


When writing for additional information about new products or for 
new literature, your inquiry will receive prompt attention if you write 
on your firm or Institution letterhead and mention the Journal of 
Chemical Education and the date of the particular issue. Pamphlets, 
booklets and similar literature are gratis unless otherwise specified. 


New Apparatus and Equipment — 


p> Wilkens Instrument and Research 
Inc., P. O. Box 313, Walnut Creek, 
California, who specialize in gas chro- 
matography and manufacture the Aero- 


graph Gas Chromatograph line, an- 
nounces the new Aerograph Hy-FI 
(hydrogen flame ionization detector.) 
The Hy-FI is a complete, high tempera- 
ture programming, Gas Chromatograph 
with Hydrogen Flame Ionization Detector. 


SOLVENTS 


ONE 


"U.S. LABORATORY SINK HAN 


The wider range of corrosives encountered in 
modern laboratory service makes this basic 
advantage of the “U. S.” Chemical Porcelain 
Sink more important than ever! Solid, non- 
porous chemical porcelain handles all corrosives 
safely . . . hot or cold, weak or concentrated 
. .. eliminates any need for installing special 
sinks to handle special corrosives. In labora- 
tcries equipped with “U. S.” sinks there is no 
cencern about which sink takes which corrosive. 
Io need to consult “chemical resistance” charts. 
less chance for costly errors. 


Modern “U. S.” Chemical Porcelain Laboratory ° 


Sinks provide truly practical answers to today’s 
laboratory requireménts. They are unsurpassed 
in time-proven durability, and strikingly hand- 
some! Their hard, smooth, gray-glazed surfaces 
are easiest to clean, can't absorb stains or odors, 
never need honing or scouring. Mechanically 
strong and rugged, superior heat-shock resist- 
ance for carefree maintenance. 


Our new Bulletin L-8R gives complete details, 
illustrates more than 50 standard sizes and many 
styles. Call your Laboratory Furniture Dealer or 
write direct. 


CHEMICAL CERAMICS DIVISION 


u. s. EWARE 


AKRON 9, OHIO 


4 


DLES THEM ALL! 


17-6 


The phenomenal sensitivity and high 
operating temperature extends analytical 
possibilities into a whole new area not 
possible using thermal conductivity in- 
struments. The Aerograph Hy-FI is 
especially useful for the analysis of sex 
hormones, flavor extracts, air and water 
pollution, ete. 


> A new automatic laboratory titrator 
has just been introduced by Coleman 
Instruments, Inc., 45 Madison St., May- 
wood, Illinois, manufacturer of instru- 
ments for chemical analysis. Named the 
Coleman Titrion, this titrator quickly, 
precisely and automatically performs any 
titration in which the end point can be 
related to a reproducible electrode po- 
tential, including pH, redox and conducto- 
metric procedures. 


> An effective solution to the nuisance of 
mill noise in busy laboratories, or in proc- 
ess plants operating large number of 
mills, is found in the new line of sound-in- 
sulated Jar Mills now being offered by the 
U.S. Stoneware Co., Akron 9, Ohio. 


p> A new Vacuum Plastic Glove Box has 
been introduced by the Manostat Cor- 
poration 26 N. Moore St., New York 13, 
N. Y. Designed in a cylindrical shape, 
with welded construction and dome cover- 
plates, this latest Vacuum Glove Box can 
withstand full vacuum and permits the 
user to introduce any controlled at- 
mosphere with ease and safety. 


p> A series of freezers, Cryostro, that can 
provide for temperature ranges as low as 
—200°F, are now available from Instru- 
mentation Associates, Inc., 17 W. 60th 
St., New York 23, N. Y. 


p> The J. T. Baker Chemical Co., Phillips- 
burg, New Jersey, has developed a new 
“Shure-Grip”’ 5-pint bottle for reagent 
acids, incorporating a finger-fitted jug- 
type handle to provide a safe, sure grip 
when lifting, pouring or carrying. 


p> Seven new chemical analytical in- 
struments were introduced by the In- 
strument Division of the Perkin-Elmer 
Corp., Norwalk, Connecticut, at the 
recent Pittsburgh Conference. Among 
the products is a high performance atomic 
absorption spectrometer as well as other 
new instruments which cover the tech- 
niques of infrared spectroscopy, uitra- 
violet and visible spectroscopy and gas 
chromatography. 


p> The Dyna-Slide Co., 600 S. Michigan 
Ave., Chicago 5, Illinois, a leading 
designer and manufacturer of special 
slide rules, has placed on the market a 
Do-It-Yourself Special-Purpose Slide Rule 
Kit. With this kit an individual can 
design and construct his own special- 
purpose slide rule for doing recurring 
calculations connected with his work. An 
illustrated booklet of instructions shows 
how to assemble different types of slide 
rule blanks from the parts included in 
the kit. The 25-page booklet also explains 
the theory of slide rule design and gives 
stepwise procedures on how to express 


(Continued on page A335) 
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WATER STILLS 
Capacities from 34 to 500 gal. /hr. 
Steam, Electric or Gas Heat. 


STERILIZERS 
Pressure Steam, Gas-Steam, 

and Gas, Chambers 16” x 16” x 24” 
to 60” x 66”x 120”. 


MICROBIOLOGICAL 
EQUIPMENT 


and you have to talk 
“BIOGEN continuous culture apparatus to American Sterilizer! 


For batch or continuous culture of pure @ Here at Amsco, sterilization is still of prime 
microorganisms in controlled conditions. concern. However, to parallel the great strides of 
modern biological technology, we've developed a 
number of highly specialized microbiological 
devices—all designed to do their job better with 
less personnel time and attention and at a cost 
DRY BOX welj within practical limits. 
Flexible film chamber. If you've a problem in this area, a letter to our 
Efficient, economical, Scientific and Industrial Department may lead 
easy to work with. to its economical resolution. 


SCIENTIFIC AND INDUSTRIAL DEPARTMENT 


Laboratory, pilot plant and STE RI LIZE R 


production models. Used for the ERIE*PENNSYLVANIA 


Preservation and concentration World’s largest designer and manufacturer of Sterilizers, 
of labile substances. { Operating Tables, Lights and related biological equipment 


FREEZE DRY APPARATUS 


GERM FREE LIFE APPARATUS 
Complete service, including 
flexible operating, 

rearing and transfer chamber. 
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ANOTHER EXAMPLE OF THE EXPANDIN 


Each size of KIMAX serological pipets (#37034 and #37034-A for 
cotton plugging) is coded with its own identifying color band. 


COLOR-CODED for foolproof size identification 


... yet these new KIMAX pipets cost no more 


Now, from Kimble, a new standard for * Color bands last as long as the. pipet 
the industry . . . Cotor-CopEep SERo- 


Rng New carton design offers... 


* Easier opening .. . instantly dis- 
Each size now coded with charges entire contents 
its own distinct color band - Pipets ready for instant use . . . no in- 
dividual wrappers 
* Immediate size identification * Space saving on shelves and in storage > ; 
* Reduced sorting time after washing Want more information? Write Kimble eames _ 
* No chance of error in size selection in Glass Company, Department CC-1 All Kimble color-coded pipets are shipped 
laboratory or stockroom (JCE-5) Toledo 1, Ohio. in convenient, time-saving cartons. 


* ALL THESE NEW FEATURES AT NO EXTRA COST 


KIMBLE LABORATORY GLASSWARE Owens-ILLINOIS 


AN @ PRODUCT GENERAL OFFICES - TOLEDO 1, OHIO 
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FROM LAPINE — SIMPLE, SAFE, ACCURATE PIPETTERS 


FOR EVERY LABORATORY NEED 


These LaPine pipetters eliminate mouth 
pipetting of toxic liquids and deadly bacteria. 
They provide complete safety from all types 
of contamination, and at the same time, give 
you superb, precise control. 

You see pipette graduations from the best 
possible position, control both intake and 
discharge of liquids with the touch of a finger. 
You can skim off minute quantities of liquid 
and deliver fractions of a drop with an 
accuracy of .01 ml or better! Each of these 


pipetters can be used either in the right or 
left hand for maximum convenience! 


No. CE 341-83 Pumpett—Accommodates all sizes of pipettes 
including microcapillary. They are clamped or released by 
finger-operated, spring-loaded, two-jaw chuck. Each..... $7.50 


No. CE 341-80 Clinac “Standard” Pipetter—Accommodates vol- 
umetric, measuring, and serological pipettes of various sizes 
and diameters. Thumb roller gives extremely precise control. 
Pipetter can be set at almost any angle while keeping pipette 
$15.00 


No. CE 341-82 Clinac “Micro” Pipetter—Especially suited for 
blood pipetting and establishing chromatography patterns. 
Accommodates pipettes up to approximately 1000 microliters. 
Contents of pipettes contact only pure gumrubber. Each..$12.50 


Clinac Pipetters are covered by U. S. and foreign patents. 


LAPINE 


LaPINE SCIENTIFIC COMPANY 


6001 SOUTH KNOX AVENUE, CHICAGO 29, ILLINOIS, U.S.A. 


LABORATORY SUPPLIES * EQUIPMENT * REAGENT AND INDUSTRIAL CHEMICALS 


IN THE EAST: LaPINE SCIENTIFIC COMPANY (NEW YORK) SOUTH BUCKHOUT STREET, IRVINGTON-ON-HUDSON, NEW YORK 
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almost any type of problem or equation 
on a special-purpose slide rule. 


p> Production of a compact, high pressure 
solenoid valve for use in fluid (liquid and 
gas) control in laboratories has been 
announced by General Magnetics, Inc., 
2014-A Foshay Tower, Minneapolis 2, 
Minnesota. 


p> Two styles of test tube heaters manu- 
factured by Research Specialities Co., 
200 So. Garrard Blvd, Richmond, Cali- 
fornia, for laboratory use are described 
in the January issue of the RSCo Review. 
Both types hold temperatures within 
+1°C. up to 300°. They are designed 
for continuous operation and are known to 
have been used at 250° and higher for 
800-hour tests. 


» Comroe Laboratories, 5208 So. Lake 
Park Ave., Chicago 15, Illinois, announce 
the availability of the ‘Autotherm’’ 
self-powered, portable, direct reading 
conductivity meter for monitoring the 
solids content of liquids. ‘‘Autotherm”’ 
automatically compensates for liquid 
temperatures from 32° to 212°F. 


>The J. T. Baker Chemical Co., Phillips- 
burg, N. J. announces the development of 


a new screw cap container for various * 


ethers which enables chemists to open and 
close the ether container easily and 
conveniently. The new screw cap con- 
tainer features a special cap liner made of a 
unique combination of resilient sealing 
materials. A slight finger pressure will 
tighten the cap sufficiently to assure a 
leak-proof seal. The container pours 
evenly from a large opening and is safe and 
easy to open. No sharp edged tool is 
needed. 


>A new, low-cost, nuclear organic- 
moderated activation demonstrator, which 
allows students to perform neutron radia- 
tion experiments with complete safety, 
is now available from Atomic Accessories, 
Inc., 811 W. Merrick Rd., Valley Stream, 
N.Y. Model ND-217, ‘‘Nomad I’’ uses 
low-level neutron sources to study basie 
neutron behavior and to produce tracer 
quantities of short-lived radioisotopes. 
It consists essentially of a mobile alumi- 
num drum, filled with high-purity paraffin 
that acts as a neutron moderator and as 
shielding. Vertical ports are used as 
experimental facilities and are located at 
discrete diffusion lengths from a central 
“source’’ port. ‘‘Nomad I’ is also an 
ideal storage place for plutonium-beryl- 
lium neutron sources such as are available 
on loan from the A.E.C. Bulletin 217 
describes this equipment and is available 
on request. 


pA new high speed decade scaler with 
preset count for use with automatic 
sample changers is offered by Nuclear 
Measurements Corp., 2460 N. Arlington 
Ave., Indianapolis 18, Indiana. Called 
Model DS-1AP, the instrument is de- 
signed for precision counting in the clinical, 


(Continued on page A336) 


Non-Sparkling—Speed Controlled 
Welch ELECTRIC STIRRER 


Adjustable from 
200 to 1400 RPM 
with Watt-type Governor 
to stabilize speed 


Adjustable Chuck 
for stirring rods i 
up to 4-inch diameter 
No. 5230M. No 5230R. 


INDUCTION TYPE MOTOR 


. * No. 5230. ELECTRIC STIRRER. For 115 
Provides maximum safety i $ 


volts 50/60 cycles A.C. Each, $58.50 
No. 5230A. ELECTRIC STIRRER. With 
stepdown transformer, for 230 volts Bt 4 


No brushes or commutator cycles A.C. Each, 
STIRRING RODS 

No. 5230G. GLASS STIRRING 

@ QUIET OPERATION ROD. Double V form, for No. 5930 

or No 5230A Stirrer. $0.90 


No. 5230M. MONEL STIRRING 


ROD. Double-V form, for No. 
W. M. WELCH SCIENTIFIC COMPANY "each, $2.50 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY No. 5320R. POLYETHYLENE 


ller-blad 


1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U.S A. Each, $1.80 


Attention Laboratories 


Matheson offers prompt 
shipment of almost any 
Compressed Gas or Gas 


Mixture write for Catalogue 


The Matheson Company, Inc. 
Compressed Gases and Regulators East Rutherford, N. J.; Joliet, Ill.; Newark, Calif. 
Matheson of Canada, Ltd., Whitby, Ontario 
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Always Specif 
Labware Fe 


PIONE 


s 


Made of 
Corrosion-Free 
Polyethylene 


Extra Tubing 
Connectors 
Available. 
.06 each in 
case (144) lots. 


( 


Priced .25 ea. in case 
(72) lots. 


DROPPER BOTTLES 


With New Improved Caps 


Screw-on cap effects tight seal 
permanently. Drops are small 
and uniform. By far the best 
available for laboratory use. 


Six sizes, priced from .12 ea. 
in case (72) lots. 


FILTER PUMP 


Operates on water pres- 
sure from 11 Ibs. up. 
All-polyethylene. Inte- 
gral check value not af- 
fected by fumes or corro- 
sive filtrate. Take up to 
3/3” tubing—connects and 
disconnects instantly. Has 
3/,” IP male thread faucet 
connection. 


Priced at $1.30 Each 
in case (72) lots. 


QD CONNECTORS 


A quick disconnect flexible tubing 
connector. Designed particularly 
for vacuum applications. 
useful for connecting water lines, 
manometers, etc. Light in weight 
and may be used safely in ap- 
paratus set ups. 
5/16” to ID. 


Also 


Fits tubing of 


POWDER 
FUNNELS 


Parallel stem minimizes 
bridging of powder. No 
airlock, 60° angle. 65, 
100 & 150 MM diam- 
eters. Priced from .32 
each in case (72) lots. 


Send for catalogue of complete line of unbreakable poly- 
ethylene labware—-sold through leading supply houses. 


ER PLASTICS 


Box 8066 Arlington Branch, Jacksonville 11, Florida 
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industrial and nuclear research fields. 
It is capable of registering one million 
counts per minute, with counting periods 
of up to 55 minutes preset in the automatic 
timer. Discriminator sensitivity and high 
voltage supply are easily adjusted to suit 
the requirements of each counting job. 


New Literature 


@ Copies of Bulletin 340 on Stokes water 
stills may be obtained on request from the 
Pharmaceutical Equipment Division of 
F. J. Stokes Corp., 5500 Tabor Rd., 
Philadelphia 20, Pennsylvania. The bul- 
letin describes specifications and available 
accessories for the various stills. 


@ William J. Hacker & Co., Inc., P. O. 
Box 646, West Caldwell, New Jersey, 
offers a new 16 page illustrated catalogue 
on the new Reichert Research Microscope 
“‘Zetopan-pol.”’ 


@ The Spinco Division of Beckman 
Instruments, Inc., 1117 California Ave., 
Palo Alto, California, offers a technical 
review titled, An Introduction to Density 
Gradient Centrifugation. Chapters cover 
the following topics: The Density Gra- 
dient Principle, Stabilized Moving-Bound- 
ary Centrifugation, Use of the Centrifuge, 
Isopyenic Gradient Centrifugation, Mate- 


' rials Used to Form Gradients, Gradient- 


Forming Devices, Fractionation Devices, 
and Applications as well as an extensive 
bibliography of 76 items. 


@ Press copies of abstracts of papers 
presented at the “Fourth Symposium on 
Temperature’ March 27-31, 1961, at 
Columbus, Ohio, may be obtained from 
Eugene Kone, American Institute of 
Physics, 335 East 45th St., New York 


@ Tracerlab, 1601 Trapelo Rd., Waltham 
54, Massachusetts, offers five new Tracer- 
lab services described in the following 
bulletins: Mercury Inventory in Caustic 
Soda Electrolytic Cells, Boron Analysis of 
Industrial Products and Materials, Radiwm- 
226 and Radon-222 Analysis, Tracerlab 
Environmental Survey and Analytical Ser- 
vice and Subsieve Size Radioactive Particle 
Analysis. 


@ A revised edition of This Is Glass, a 
comprehensive story of glass and glass- 
ceramics, has been published by Corning 
Glass Works, Corning, New York. The 
68-page illustrated booklet reviews the 
history of glass and details the basic types 
of glass. The publication describes the 
expanding role of glass in science, industry, 
electronics, lighting and the home. 


@ More then 100 formulations for the 
use of Aroclor compounds as fortifying 
extenders and plasticizers in a wide 
variety of resins are contained in a new 
technical bulletin available from Mr. 
Robert Hogan, Monsanto Chemical Co., 


(Continued on page A340) 
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The highly specialized field of polarization microscopy requires instu- Research 
mentation that goes far beyond the general concept of precision. Before 


investing in a microscope for this work, you must be sure that the 

degree of accuracy conforms to the closest possible tolerances. The P OLARIZATION 
Reichert concern, with nearly a century of history, has the experience MICROSCOPY 
and skill indispensible for the development of a research polarizing 
microscope. In releasing the “Zetopan-Pol”, Reichert created a modern 
instrument that combines optimum precision with unlimited versatility 
at utmost working comfort and instantaneous transitions through all 


phases of light microscopy with photomicrography. Truly an instrument 
worthy of your consideration! 


Polarizing equipment includes: Circular stage, rotatable 360° reading 
0.1°, detachable mechanical stage, traversing 20 x 30 mm reading to 
0.1 mm, binocular and monocular orthoscopic examination, quick tran- 
sition from orthoscopic to large conoscopic image by means of built-in 
pe: type oc lens, rotatable filter polarizer and analyzer, 
revolving quadruple nosepiece for individual centering of each objective, ee Me , 
sextuple ball-bearing nosepiece on wide range of strainfree objectives, .——~ A 


opaque illuminator for instantaneous transition to reflected light. . With the REICHERT 


 ZETOPAN-POL 


REICHERT7 
WILLIAM J. HACKER & CO., INC. 
P. O. Box 646 / West Caldwell, N. J. h 
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Purify chemicals faster, easier than by traditional methods with new, automatic Fisher Zone 
Refiner. In one operation, it removes impurities from most organic and inorganic chemicals that melt 
| - between 50°C and 300°C. Purities charges of less than 1 ml or as large as 55 ml. Can be used to con- 
centrate impurities for accurate counts or to distribute a specific impurity uniformly. 


nO 
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ETTING an exacting production-line O.K. is this 
Fisher Zone Refiner (left). Automatically, it will 
sweep impurities out of most commercial reagents, 
upgrade them to well-nigh primary-standard quality. 
It’s representative of many laboratory instruments 
and appliances only Fisher Scientific makes in its 
new 116,500-sq-ft plant... so that your work can 
be simpler, faster, surer, safer, or more economical. 
Manufacturing is one aspect of Fisher. . . others 
are explained below. Together, they are the reason 
why Fisher Scientific is a leader in laboratory instru- 
mentation and reagent chemicals... and your com- 
plete, start-to-finish source for laboratory needs. 


Strong, safe, corrosion-resistant Castaloy®-R clamps and Custom glass blowing to your drawings and specifications by 
holders are the latest from Fisher development lab where master glass blowers is among the valuable extra services Fisher 
scores of new instruments and appliances have been born. offers. Call on Fisher for everything from reliable instrument re- 
Choose from 37 Castaloy-R items now in production. pairs to expert counsel in planning and equipping your lab. 


Like to know more about Fisher's ways of help- 
ing you? Full details in free, data-packed- bulletins. 
Merely clip, fill out and mail coupon to Fisher Scien- 
tific Company, 109 Fisher Building, Pittsburgh 19, Pa. 


Fisher Scientific Company 

109 Fisher Building 

Pittsburgh 19, Pa. 

Please send me the following information: 

“This Is Fisher’’- (0 Chemical Index 

Fisher ‘‘Zone Refiner’’ Custom Glass Blowing 
0 Fisher ‘‘Castaloy-R"’ Appliances 


Name. Title 


Fill your requirements fast from the nearest of Fisher's 


oe 14 brimful branches. Whether you want a few grams of a rare § F Fl g be on Fe Ss Cc | E N T | F | 


organic compound or a trailer load of top-purity, lot-analyzed eee 
sodium hydroxide, it’s probably stocked by Fisher. World’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


Boston « Chicago « FortWorth «+ Houston « NewYork «+ Odessa, Texas 
Philadelphia « Pittsburgh «+ St.Louis « Washington + Montreal « Toronto 
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Organic Chemicals Division, St. Louis 66, 
Missouri. 


@ A bulletin just released by Fischer & 
Porter, 855 Jacksonville Rd., Warminster, 
Pennsylvania, describes five unique items 
recently added to its line of laboratory 
ware. 


@ A new edition of Atomic Energy Com- 
mission Research Reports, the semi-annual 
price list of all unclassified reports of 


AEC research for sale by the Office of 
Technical Services, Business and Defense 
Services Administration, U. S. Depart- 
ment of Commerce, Washington 25, 
D. C., has just been published. 

The 64-page list includes more than 
5000 reports in the OTS collection of 
documents acquired as of January 1961. 
The new list may be obtained free by 
requesting ACE Research Reports Price 
List No. 35 from OTS, U. 8. Department 
of Commerce, Washington 25, D. C. 


@ Other books from the OTS are: 60- 
21172, Rare Earth Elements, published by 
the USSR Academy of Sciences, 356 
pages, $3.75. 60-21041, Survey of Russian 
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CLEANEST CLEANEST 


Proven the world’s finest and most econom- 
ical detergent for the exacting requirements 
of Hospital, Medical and Laboratory use. 


MEETS HIGHEST U.S. GOVERNMENT 
SPECIFICATIONS 


MORE WETTING POWER! 
MORE SEQUESTERING POWER! 
MORE EMULSIFYING EFFECT! 
QUICKLY, COMPLETELY 
SOLUBLE AND RINSABLE! 


More effective than any known detergent in powder Meets Highest 


form or any liquid detergent that costs four times as much! esetenms 1H 

Sold Throughout the World by Also makers of ALCOJET for 

ALL LEADING LABORATORY, HOSPITAL machine and 'ALCOTABS in 
and SURGICAL DEALERS pv lg 


Ask your supplier for a copy of the remarkable Alconox Cleaning Guide which may be reproduced for 
all your students. 


ALCONOX, INC., 853 BROADWAY, NEW YORK 3,N.Y. 
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Literature for Research on Unstable Chem- 
ical Species and the Stabilization Thereof, 
42 pages, $1.25. 


@ Jarrell-Ash Company, 26 Farwell Street, 
Newtonville 60, Massachusetts, offers a 
new grating catalogue covering all plane 
and concave gratings available. 


@ Bel-Art Products of Pequannock, New 
Jersey, announces their new 1961 catalog is 
now ready for distribution. It features a 
complete line of plastic ware for science 
and industry. This 44 page catalog 
describes, illustrates and gives prices on 
hundreds of items in various plastics and 
other materials. Copy available upon 
request. 


@ A 12 page discussion and depiction of 
the latest radiation detection devices 
based on the use of quartz fibers is pre- 
sented in Catalog G-13A available from 
William B. Johnson & Associates, Inc., 
P. O. Box 415, Mt. Lakes, New Jersey. 


@ Consultants Bureau Enterprises, Inc., 
227 W. 17th St., New York 17, N. Y., 
offer information concerning the Bulletin 
of the Academy of Sciences, USSR, Division 
of Chemical Science, Fourth Soviet Con- 
ference on Electrochemistry, and other 
Soviet publications. 


@A descriptive Bulletin No. 773 contain- 
ing general information, photos, and 
specifications about the new Beckman 
Hygromite is now available from the 
Scientific and Process Instruments Divi- 
sion of Beckman Instruments, Inc., Fuller- 
ton, California. The Hygromite, a port- 
able laboratory moisture meter continu- 
ously monitors water vapor in gas. 
Performing with a full-scale accuracy of 
+5%, the instrument measures vapor in 
ppm ranges of 0-10, 0-30, 0-100, 0-300, 
and 0-1, 000. The Hygromite is de- 
signed for use in many control applica- 
tions, including the monitoring of gas in 
purge systems, the measuring of moisture 
in the helium used for precise chroma- 
tographic techniques, the monitoring 
of gas dryers in laboratories, the checking 
of water content in bottled gases, and the 
monitoring of natural gas in petroleum 
research labs and pilot plants. 


New Chemicals 


© Applied Science Laboratories, 140 N. 
Barnard St., State College, Pennsylvania, 
has expanded its line of fatty acid chem- 
icals to include carbon-14 labeled high 
purity materials. The first in this series 
are linoleic, oleic, stearic and palmitic 
acids with a specific activity of 4-7 mc/ 
mM. These are available in radio and 
chemical purities exceeding 99%. 


© City Chemical Co., 132 W. 22nd St., 
New York 11, N. Y., offers cobalt selenate 
and magnesium bromate in experimental 
quantities. 


© An inventory clearance sale of 36 
tracer compounds labeled with Carbon-14 
is announced by Research Specialties Co., 
200 S. Garrard Blvd., Richmond, Cali- 
fornia. Price list and order blank are 
included in the February issue of the 
RSCo Review, which describes the com- 
pany’s radiochemical products. 


(Continued on page A344) 
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_____Keodak reports on: 


how you too can crack the 2500A barrier...a way you can almost make itaconic anhydride... 


where a disciple can look for details 


Ultraviolet swab 

Even the sports pages are carrying help-wanted ads for in- 
frared experts. Infrared is riding high. Let’s not forget that 
at the other end of the visible spectrum the old ultraviolet 
is still there. 

In order to stir up interest in the ultraviolet, we shall show 
you how to sensitize photographic plates below 2500A, the 
wavelength down to which all photographic emulsion re- 
sponds but below which the gelatin of the emulsion starts to 
intercept the energy so that people don’t bother as much as 
they should with the spectral lines and other interesting 
phenomena down there. 


LINT-FREE A 
HANDKERCHIEF 


Working thus in the darkroom, you can extend the sensitivity of 
any of the numerous Kodak Spectroscopic Plates down to 1000A, 
even those sensitive to 1.2y. in the infrared. To find out what sensi- 
tizations are available for extending, and how to make up U-V 
sensitizer, write Eastman Kodak Company, Special Sensitized 
Products Division, Rochester 4, N. Y. 


We are justifiable 


If you put some citric acid in a flask and heat it to 500°C, 
itaconic anhydride distills over. 


| 
COOH COOH COOH O=C C=O 
\Z 


+CO;+2H:0 


If you happen to want some itaconic anhydride, this 
method will exasperate you. The itaconic anhydride keeps 
rearranging into citraconic anhydride, cy,—-C=CH 

O=C C=O 
oO 

If you redistill the crude mixture, you wind up with good 
quality citraconic anhydride but no itaconic anhydride. You 
can treat the citraconic anhydride with 25% nitric acid, 


which restores a molecule of water, but now you have the 
trans form called mesaconic acid, COOH 


CH;—C=CH 
COOH 
Still no itaconic anhydride. 
At this point you order Itaconic Anhydride from us as 


This is another advertisement where Eastman Kodak Company probes at random for mutual interests 
and occasionally a little revenue from those whose work has something to do with science 


Eastman 8291. We have a chemist who found out what 
changes to make in the published method for changing com- 
mercial itaconic acid to itaconic anhydride so that it would 
work. You owe him no salary for the time he was finding 
this out. Nor are you responsible for his professional and 
intellectual development. All you want is a little itaconic 
anhydride. Why do you want it? Goodness knows. Goodness 
knows why most of the compounds in our catalog are 
wanted. But, boy, are they wanted! Business has never been 
better. Drives us frantic. 

You can’t do your part unless you have a copy of “Eastman Or- 
ganic Chemicals, List No. 42.”’ It comes from Distillation Products 
Industries, Rochester 3, N. Y. (Division of Eastman Kodak Com- 
pany). od laboratory supply dealers, along with us, stock the 
chemicals. 


Small print 


This little file holds 
some 10,000 una- 
bridged pages of 
technical reports of 
the French Atomic 
Energy Commis- 
sion. The lady who § 
lives in the house ° 
across the road may 
find this astonish- 
ing. Your boss may 
be astonished. Even you may be astonished. But to the 
reasonably alert librarian the micro-opaque card idea is old 
hat. Anything we can tell you about it your librarian can tell 
you better.* We merely draw attention to the following 
accretions to the available micro-opaque literature: 


* All the unclassified scientific reports released by the U. S. Atomic En- 


ergy 

Even reduced 20 they are in micro-opaque form, the complete set pub- 
lished to date saa fill 250" boxes like the one above. The indexing mechanism 
for this incredible mass of information is Nuclear Science Abstracts, a periodical 
sold by the Superintendent of Documents, Washington 25, D. C. 


® The Ist Decennial Index to Chemical Abstracts, the brilliant chemical 


years 1907 to 1916. 

Contains the roots of many a chemical concept since proliferated beyond the 
scope of a single mind. On some 60 3” x 5” cards sold by the American C. 
Society (1155 16th St. N. W., Washington 6, D. C.). 


All the meteorological data gathered for the International Geophysical 


Year. 

Purpose of whole shebang was to gather lots of data, remember? Here they 
are, ready to make use of. Ask the World Meteorological Organization (IGY 
Meteorological Data Centre, 1, Avenue de la Paix, Geneva, Switzerland). 


© Justus Liebigs Annalen der Chemie from 1832 to 1958 and Berichte der 
Deutschen Chemischen Gesellschaft from 1868 to 1958. 


The New Testament comprises four Gospels; the science of chemistry seems 
to be founded on only three gospels, less influential spiritually but vastly more 
a Microprint overcomes the voluminousness but accomplishes noth- 

spiritually. The gospel, Beilstein, got the treatment earlier. Microcard 

Editions, Inc. 
© The First Six Million Prime Numbers. 1 (controversial) to Phe panes 289. 

Result of a 4-day holiday weekend with a better 
to do than a favor for mathematicians working in number yt Microcard 
Editions, Inc. 

For any sustained use of micro-opaques, you need a micro-opaque 
reader. Ten years ago they were rare. Today the central research 
library that lacks one is rare. Any scientific discipline that needs to 
communicate large masses of data to a limited number of its dis- 
ciples should consider microprint. For suggestions on how to pro- 
ceed, write Recordak Corporation, 415 Madison Avenue, New 
York I 7, New York (Subsidiary of Eastman Kodak Company). 


*The reason we try to tell you is that we want to sell the raw pho- 
tographic materials on which microprint cards are printed. We 
also want to sell microfilm. The librarian can tell you about 
that, too. A new ae reference, “Guide to 
Microforms in $4, Microcard Editions, Inc.), 
summarizes available. 
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Machine-made beakers. Each one with walls as 
heavy and uniform as every other—for maxi- 
mum strength. For a few pennies more than 
the cost of the standard No. 1000 beaker, you 
can get the new No. 1002 with white enamel 
approximate graduations. 


Flasks must take knocks and bangs, quick heat- 
ing and quick cooling. PYREX boiling, distilling, 
and Erlenmeyer flasks provide over-all strength 
for safety. They’re designed to duct heat 
quickly and evenly. 
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Our No. 1552 reagent bottles make good read- 
ing. They‘re smartly labeled front and back in 
permanent green on a white enamel back- 
ground. Ideal for divided-bench use. The bot- 
tles won‘t cloud, the polyethylene stoppers 
won't stick. 


Your students get faster, more complete filtra- 
tion with Nos. 6160, 6180 funnels, because of 
filtering grooves pressed into the cone wall. 
Pressed construction also builds strength and 
makes for an accurate angle for the filter paper. 


The No. 3075 cylinder is designed for student 
Its detachable hexagonal plastic base won't 
break, discourages the cylinder from tipping 
and rolling. Cylinder top and spout are heavily 
reinforced. Sharp, white graduations. 


Machines make our test tubes stronger, espe- 
cially at top and bottom hazard points. The 
tubes are reinforced with a bead at the lip to 
resist chipping. Bottom radii are machine-uni- 
form in strength, dependability, thermal safety. 
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Our No. 0088 soft glass tubing and rod work 
easily for your students over a Bunsen burner, 
and give them improved chemical durability, 
too. For heat-resistant applications, we recom: 
mend PYREX tubing and rod. 


New thistle tube design prevents rolling-off 
accidents. The square molded design of the 
No. 6440 gives added strength. Extra glass at 
the tube-body seal means longer life. 


A 
mi‘? 


You get Class A accuracy at a real saving in 
the No. 5650 volumetric flask. You also get the 
convenience of a screw cap. The plastic cap 
won't leak or freeze on. There’s no stopper to 
fall out and break. Priced lower than glass- 
stoppered flasks. 


Our molded No. 9985 watch glasses are heavier, 
stronger than blown types. Their rounded, heat- 
formed edges increase their strength. Uniform 
curvature makes stacking easy. You can use 
them as evaporating dishes, too—they take 
direct heat. 


fashioned kind 


CIENCE teachers across the land 

should always look for bargains 

in scientific apparatus. But we ask 

you to keep in mind just what a 
bargain is. 

A graduated cylinder that breaks 
is no bargain no matter what its price. 

A reagent bottle whose markings 
become illegible is no bargain. 

A bargain is when you get more 
than you expected for your money. 
If you haven’t been using the PYREX 
labware shown here, then we can 
show you bargains . . . ten of them. 

Our bargains show up as such 
when you take inventory at the end 
of the semester. That’s when you 
find that our ware tends to last longer 
than others’. That’s when your re- 
placement costs are reduced. 

Our bargains show up every time 
a student uses our ware. He finds out 
we’ve allowed for his inexperience. 
He finds out we make thicker, safer, 
longer-lasting ware. 

Our bargains show up when you 
find that you can fill all your lab glass- 
ware needs with one order and take 
advantage of quantity discounts. 

Check with your lab supply dealer 
the next time you go bargain hunting. 


We have put together a compact new 
guide to Pyrex labware for schools, 
which is yours for the asking via the 
coupon. 


wi CORNING MEANS RESEARCH IN GLASS 
4 CORNING GLASS WORKS 
\ 7605 Crystal Street, Corning, New York 


Please send me the new “Science Teach- 
er’s Guide to Laboratory Glassware.” 


(name) 


(school) 


(address) 


(city) 


(zone) (state) 


PYREX: laboratory ware ... the tested tool of modern research 


Volume 38, Number 5, May 1961 / A343 


“QA 
©) 
| 
ents. 
ping 
avily 
4 
| 


ACE CONDENSERS 
re-designed for 
greater efficiency 


Ace condensers have been re-designed to operate more effic- 
iently than ever before. “No Hold Up” condensers (shown above) 
are of an approved drainage design, especially useful for straight 
run distillations. The inlet taper is at the proper angle to provide 
complete drainage with a standard 75° take-off arm. Extra care is 
also exercised to see that seals do not cause hold-up. Hose con- 
nections are placed on the same side (opposite the drip) providing a 
clean work space under the condenser in the “horizontal” position. 
No air is trapped since the inlet is lower than the outlet. 


The new style drip tip is unconstricted, permits full use of the 
condenser surface and eliminates choking. Hose connections are 
designed for strength and utility. The ends are beaded to absorb 
impact, and a large head is provided as a grip. The hose does not 
slip off as with uniformly tapered beading. 


The wide variety of Ace condensers is described in Ace Catalog 
60. If you do not have a copy of this comprehensive catalog, please 
ask Dept. J for your copy. 


> INCORPORATED 


Vineland N. J. 
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Miscellany 


* ‘Science for Science—The Story of the 
Scientific Laboratory Furniture Industry”’ 
is the title of a new 35 mm color, sound- 
film-strip available on arrangements from 
the Laboratory Equipment Section, Scien- 
tific Apparatus Makers Association, 20 
N. Wacker Dr., Chicago 6, Illinois. 


% Arizona State University will offer 
the first annual course in Infrared and 
Ultraviolet Absorption Spectroscopy on 
campus from August 7-11, 1961. Par- 
ticularly designed for chemists and others 
from industrial laboratories which make 
use of spectrophotometric equipment, this 
intensive course of lectures and practical 
laboratory work serves to train personnel 
to staff these installations. For complete 
information, please write to Dr. Jacob 
Fuchs, Director, Absorption Spectroscopy, 
Arizona State University, Tempe, Arizona. 


*% Technical Aid Service, Inc., 1500 W. 
Third Ave., Kingsview Bldg., Columbus 
12, Ohio, is now offering a unique service 
especially tailored for management and 
research and development staffs of elec- 
tronics, petroleum processing, petrochemi- 
cal, chemical, pharmaceutical, and related 
firms. The service entails the reduction 
of technical literature to easily under- 
stood digests of basic principles. These 
digests are integrated into an intelligent 
retrieval system. 


% The opening of a new Analytical 
Service Center has just been announced by 
Ridgefield Instrument Group, Schlumber- 
ger Corp., Ridgefield, Connecticut. In 
making the announcement, A. Russel 
Aikman, Director of Marketing for the 
Ridgefield scientific instrument and elec- 
tronics firm, pointed out that the new 
Center is believed to be the first analytical 
service facility in the country offering all 
three of the relatively new radio-frequency 
spectroscopy techniques of Spin-Echo 
NMR, Wide-Line NMR, and Electron 
Spin Resonance (ESR). 


*%The Circulation Department, Audio- 
Visual Center, Indiana University, Bloom- 
ington, Indiana, offers a new film bibliogra- 
phy, “Films for Junior and Senior High 
School Biological and Physical Sciences.’’ 


% The National Bureau of Standards has 
developed gallium alloys for the low- 
temperature bonding of wires to heat- 
sensitive electronic devices. These al- 
loys, which are soft when mixed at room 
temperature, resist temperatures up to 
900°C after hardening. It was also found 
that they could be used to “cold solder’ 
certain ceramic and metallic surfaces. 


* Thirteen young scientists are now 
conducting advanced basic studies as 
Postdoctoral Research Associates at the 


(Continued on page A346) 
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Mettler Balances from S/P 


which one fits your needs? 


From micro to macro, there’s a Mettler 
Balance from S/P that’s perfectly suited 
to your laboratory. These modern single 
pan balances are fast, accurate, conven- 
ient. With Mettler Balances, it takes less 
than 30 seconds to determine an un- 
known weight, and they’re so simple to 


operate no special training is required. 


Scientific Products has Mettler Balances 
in stock. For complete literature or a 
conclusive demonstration, ask your S/P 
Representative or write our General 
Offices (address below). 


scientific products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 


GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 


Regional Offices: Atlanta - Boston - Charlotte - Chicago - Columbus « Dallas - Detroit - Kansas City 
Los Angeles Miami Minneapolis New York San Francisco Washington 
Export Department—Fiushing 58, L. I., New York. In Mexico: Hoffmann-Pinther & Bosworth, S. A. 
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EATON - DIKEMAN 


FILTER 
PAPERS 


61 Good retention for coarse to 
moderately fine precipi- 
tates. Filtering rate slow; clarity 
good. Excellent for Chromatography. 
61 Creped-surfaced, moderate- 
ly fast filtering for general 
lab applications. 617 Creped- 
surfaced, slightly heavier 
and faster filtering than 615. Good 
for gelatinous precipitates. Widely 
used in fat and oil analysis. 


Also available—papers for chromatography 
and electrophoresis, as well as bibulous and 
lens papers. Write 
for free samples. 


THE EATON-DIKEMAN CoO. 
Mount Holly Springs, Pennsylvania 
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National Bureau of Standards. The 
associateships, sponsored jointly by the 
National Academy of Sciences-National 
Research Council and the Bureau, give 
young scientists an opportunity to pursue 
a year’s study and research in their fields 
of competence, in close association with a 
Bureau staff member whose work in the 
field is well established. Applicants for 
the NRC-NBS Associateships must in all 
cases have completed the requirements for 
a doctorate in one of the physical sciences, 
and must have received their’ Ph.D. 
degrees by the time they enter upon the 
associateship. They also must be United 
States citizens. Application is made 
directly to the National Academy of 
Sciences in response to an announce- 
ment, distributed by the Academy an- 
nually in November to all universities 
granting Ph.D. degrees in the physical 
sciences. 


% Volume 29 Number 1, 1961, of The 
Laboratory, published by Fisher Scientific 
Co., 711 Forbes Ave., Pittsburgh 19, 
Pennsylvania, tells of research being 
carried out at the Montreal Neurological 
Institute on epilepsy. The article is 
entitled “‘Storm in the Brain.”’ 


*% “Snow Camping with Nylon” is a 
story for the rugged outdoors man found 
in the March-April, 1961, DuPont Mag- 
azine. 


During the 1961 Summer Session 
Columbia University’s School of Library 
Service will offer again a course on 
Scientific and technical abstracting and 
indexing (LS s132). The course will be 
taught by T. E. R. Singer, formerly 
Chemistry Librarian at the New York 
Public Library and now a private con- 
sultant in the field of technical informa- 
tion. It will provide an analysis of vari- 
ous uses to which scientific and technical 
abstracts are put, the types of abstracts 
suitable for particular uses, the techniques 
of indexing abstracts, and instruction 
and practice in abstracting. There will 
be a number of lectures by experts in 
major scientific fields on their technical 
terminologies. Applications may be ob- 
tained from the School of Library Service, 
Columbia University, New York 27, 


* Applications are being accepted for 
AEC Reactor Courses at Oak Ridge 
National Laboratory next fall. Two 
courses-reactor operations supervision and 
reactor hazards evaluation—will be offered. 
Applicants should possess a bachelor’s 
degree in chemistry, physics, metallurgy, 
mathematics, engineering physics, or in 
aeronautical, chemical, civil, electrical, 
mechanical, metallurgical, general or nu- 
clear engineering. International ap- 
plicants may apply through their respec- 
tive embassies or legations to the U. S. 
Dept. of State. U.S. Citizens may apply 
to the Director, Division of International 
Affairs, U. S. Atomic Energy Commission, 
Washington, D. C. The deadline for 
submitting applications is June 15. 


vitreosil 


LABORATORY WARE 
OF HIGHEST PURITY 


For excellent thermal shock resistance, and 
inertness 

e For guarding the real purity of your com- 
pounds in crucibles, retorts, muffles, dishes, 
tanks, pots, trays 

e For outstanding electrical proportion, 
strength, impermeability in ball & socket 
joints, standard taper joints, graded seals 

e Quartz to metal seals 


A wide variety of laboratory ware is available in 
all types and sizes. Also, we fabricate to your 
specifications. See our ad in Chemical Engineer- 
ing, Electronic Engineers Master and Electronic 
Designers’ Catalogues. 


Write for complete, illustrated catalog. 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 
18-20 Salem Street, Dover, New Jersey 
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PYREX BECKMAN AINSWORTH B & L OPTICAL MC &B PRECISION SC. CO. 

coors COLEMAN BECKER AMER. OPTICAL J. T. BAKER LAB. FURN. CO. 

KIMAX INT. EQ. CO. SARTORIUS ZEISS e LEITZ MALLINCKRODT LABLINE 
BARNSTEAD LEcO OHAUS BUEHLER GLAS-COL BLUE M 


We invite your consideration of the following items: 


DYNAZOOM® MICROSCOPES 


Zoom up, zoom down at the twist 
of a dial with the new Bausch & 
Lomb DynaZoom® Laboratory 
Microscopes. The revolutionary 
MicroZoom® optical system makes 
“step magnification” obsolete. 
You can study and photograph 
specimens at any power from 
17.5X to 1940X! 


Price range: same as before. 
Flexible: choice of six microscope 
bodies which are interchangeable 
on basic stand. Ask for Bulletin 
D-185 and price list. 


Each . . .. . Prices start at $229.00 


INTERNATIONAL CS CENTRIFUGE 


The new Model CS is essentially 
a high quality, general purpose 
centrifuge at a modest price. It 
swings all but some of the heavier, 
more complex heads used in 
larger centrifuges. Complete de- 
tails are covered in a free 
12-page Bulletin. 

H-8810 International Model CS 
Centrifuge. Contains nearly all 
the features of larger models. 
Complete but without heads and 
related accessories. For 115 or 
230 volts A.C. 


LABORATORY CARTS 


Save time, cut down on break- 
age and move things the 
sensible way—on lab carts 
(all stainless steel). 

H-7915 Heavy Duty Cart 
(illustrated). Carrying capacity 
is 400 pounds. Overall: 17%” 
x 30” x 32%” high. With 
guard rails. 


Each. . . $67.00 


H-7916 Utility Cart. Carry- 
ing capacity is 200 pounds. 
Overall: 15%” x 27” x 31%” high. Without guard rails. 
(Note: on West Coast $71.00 and $37.95 respectively) 


OHAUS DEC-O-GRAM 


This new, low-priced triple beam 
balance weighs up to 2610 
grams. Beams, bow and 6” pan 
are stainless steel; pillar has red 
finish and rest of balance has an 
attractive gray finish. Balance 
comes complete with attachment 
weights. 

H-2863 Triple Beam Balance, 
Ohaus Dec-O-Gram. Center 
beam: to 500 grams in 100-gram 
divisions. Rear beam: to 100 
grams in 10-gram divisions. Front 
beam: to 10 grams in 0.1-gram divisions. With specific 
gravity platform, spirit level and adjustable feet. 


We will gladly furnish detailed HARSHAW SCIENTIFIC 
information on these items. Division of The Harshaw Chemical Co. * Cleveland 6, Ohio 
SUPPLYING THE NATION’S LABORATORIES FROM COAST TO COAST 


CLEVELAND 6, OHIO CINCINNATI 13,OHIO =DETROIT 28, MICH. HOUSTON 11, TEXAS LOS ANGELES 22, CAL. OAKLAND 1, CAL. PHILADELPHIA 48, PA. 
1945 East 97th Street 6265 Wiehe Road 9240 Hubbell Ave. 6622 Supply Row 3237 So. Garfield Ave. 5321 East 8th Street Jackson & Swanson Sts. 


SALES OFFICES « Baton Rouge 6, La. + Buffalo 2, N. Y. ¢ Hastings-On-Hudson 6, N. Y. © Pittsburgh 22, Pa. 


SALES BRANCHES AND WAREHOUSES 
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WONDER 
ELECTRIC MORTAR 


END MIXING—GRINDING DRUDGERY 


Using Plastic, Metal or Agate Vials the Wig-L-Bug will be- 
come indispensable to you as it has already in hundreds of lab- 
oratories in this country and dozens of countries abroad. Use 
: plastic vials for mixing powders or preparing mulls with 
mineral oil. For grinding hard materials use the hardened tool 


For preparing KBr pellets use stainless steel or agate vials. 
Invaluable in the fields of X-Ray Diffraction, Emission Spectro- 
graphic Analysis, X-Ray Spectroscopy, Infra-Red Spectros- 
copy, Metallurgy, Geology, Oil Research, Aluminum Manu- 
facture, Chemical, Paint and Color Analysis, Ceramics, Foods, 


steel or agate vial. 
terials in 2-3 minutes. 


With these you can obtain 200 mesh ma- 


Agriculture. 


HEAVY DUTY +6—FOR YOUR MIXING 
tee AND GRINDING PROBLEMS 


| in _the Field of Powder Metallurgy 
—Ceramics—X-Ray Spectroscopy— 

-—X-Ray Diffraction—Emission Spec- 
| and Analytical Chemistry. 


A HIGH SPEED MIXER GRINDER, 
in small For pur grind- 


as 


ckly, consis 
Son and X-ray spectro 
strument is ideal mix rand grinding both 


weight 40 Lbs. Price $300.00 (No ne 
Fin type bearing retainer for longer running inter- 
vals available at 515.00 sdditional, FOB factory. 
ACCESSORIES FOR NO. 6 include Plastic Balls & Vials 
60 ml) to metallic contamination. 
tainless Steel Vials 6 ml or 10 ml and Rod Pestles or 

Ball Pestles. Tungsten Cashide 6 ml and 25 ml Vials 
and Rod or Ball Pestle. 


5A—Wonder Electric Mortar—the action is 
reciprocating in the form of a figure 8 
swung through a 6 16° arc at 3200 RPM, 
the ball pestle then strikes the end of 
the vial some 2000 times in ten seconds. 
Can be run continuously for 5 minutes 
(and this depends on the load) with a 
rest period between the 5 minutes to 
cool the motor completely. 


For literature and 


details write to: 


3A—Model with Fan and 1 hour timer—same 
type of motor and action as 5A Model 
but this 3A can be run for 20-30 minutes 
with cooling off periods between to cool 
the motor. 


ACCESSORIES FOR 5A 
OR 3A WIG-L-BUGS 


3113 Adapter, for 44” dia. x 1” long 
3111. Vial, 4%” x 1” polystyrene with 
3112 Ball-pestle, clear plexiglas, 44” 
3115 Adapter for 44” dia. x 2” long 
3116 Vial, 44” x 2” polystyrene with 
3113 Adapter for 4” dia. x 1” long 


3114 Vial, stainless steel 4” x 1” 
with ball-pestle dia. 

3117 Vial, tool steel (hardened) 44” 
x 1” with steel ball-pestle 4” dia. 
3118 Vial, agate °/16” dia. x 15/1” 
long 2 ml capacity with agate ball- 
pestle 4%” dia. (Requires 3115 
adapter). 


THE WIG-L-BUG HAS REV- 
OLUTIONIZED MIXING & 
GRINDING PROCEDURES- 
A TREMENDOUS TIME 
SAVER, CONSISTENTLY 
UNIFORM RESULTS. AN 
INDISPENSABLE LABO- 
RATORY MORTAR MIXER 


CRESCENT DENTAL MANUFACTURING CO. 


1837 So. Pulaski Road « 


Chicago 23, Ill. 
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A % Split Phase Motor complete with 1 hr. timer 
and special adapters and arms to hold Plastic, Carbide 
or Stainless Steel Capsules & Pestles. Approximate 


The popular Model C THERMOWELL heater for round bottom flasks, and the new POWERMITE (inset) 
control. Model C is equipped with a convenient integral 3 foot cord with a standard male plug, ready to be plugged 
into the control. 


@ temperatures up to 600°C. e@ offers maximum safety in heating organics @ dry flask voltage is 120 volts 
a.c. for all 13 sizes—no worry about burn-outs @ cylindrical metal housing makes setups easy; heater can be used 
directly on the bench or elevated on rings—use rings bare or cover with sheetmetal or wire gauze (we have low-cost 
metal supports) @ fast, efficient heat @ rigid, fibrous ceramic heating shell is thermally shock proof @ used by 
major laboratories everywhere @ light in weight, compact in size @ semi-micro sized heaters available @ ideal 
as a small high-temperature oven: just support object to be heated on wire gauze placed down in the heating cavity, 
cover cavity with perforated aluminum foil @ control the heater with a POWERMITE or a variable transformer. 


Prices of Model C and Model N THERMOWELL heaters * Power Control 
Flask size 10 25 50 100 125 200 250 300 500 | 1000 | 2000 | 3000 | 5000 POWERMITE “on-off” stepless heat control 
Price 9.00 | 9.00 | 9.50 | 10.00 | 11.00 | 12.00 | 13.00 | 13.50 | 16.00 | 19.00 | 23.50 | 28.00 | 36.00 with a 5 ft. 2-wire cord, receptacle, fuse, pilot 
Watts, 120v.| 50 | 65 | 90 | 150] 150 | 230 | 240 | 240 | 340 | 450 | 650 | 800 | 950 light, weighs only 10 oz. Ideal for precise 
control of resistive heating circuits. Power, at 
*® Model N heater is equipped with a 1“ power cord and male Hubbell twist-lock connector. It requires a line voltage, is metered to appliance. Rated 
2-wire standard attachment cord, 3’ long, extra at $1.00. at 1300 watts, 115v. a.c., it can control small 

*@ Model N-3 heaters have a 3-wire, 1‘ power cord with a Hubbell twist-lock connector. Add $1.25 to above : : 
prices for a ‘Model N3 Bossi Leauites 3-wire attachment cord extra at $2.75; state whether male plug ovens, muffle furnaces, immersion heaters, hot 
hot prongs are parallel or angled. plates, etc. $12.00 each 


© All models available with maximum dry-flask voltage of 140v a.c. Allow 3 weeks delivery time. 
For more information ask for bulletin E. Order direct by letter or wire Patent 2,945,114 


i 


* 
Acid, This Lot Number assigned 
* by our control laboratorie: 
assures you that this mal- 
: arial has been tested and 
conforms fo our published 
specifications, 

Hf no tot number appears 
on this label we sugges 

° leman Bell at our expense. 


USE ONLY 


ee 


Have you noticed the ‘Lot Number on every. MC&B label? It means you can rely on the purity of MCé 
chemic. is because each lot is carefully checked against’ specifications in our analytical laboratory.And becau! 
our atmospheric-sensitive chemicals are packed under an inert gas, you can be sure they meet specificatio 
when you are ready to use them. 7 : 


For dependable purity in over 4,000 laboratory chemicals~-SPECIFY MC&B. Write for catalc 
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| | | 
é 
} * 
ee : Division of the Matheson Company, Inc. Norwood (Cincinnati), Ohio; East Rutherford,\N. 
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Photometers 


Klett-Summerson 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


KLETT SCIENTIFIC PRODUCT: 


BIO-COLORIMETERS e GLASS ABSORPTION CELLS 
COLORIMETER NEPHELOMETERS e GLASS STANDARDS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 


MODEL 


‘ULTR 
THERMOSTAT 


The ideal circulating thermostat for to- 
day’s crowded laboratories is the Haake 
Model “F”. Due to its light weight and com- 
pact design it can easily be moved around 
and occupies a minimum of space. It is 
ideal for any type of instrumentation or for 
ambulatory use with clinical appliances 
which require temperature control. Some 
typical applications include such liquid 
jacketed instruments as spectrophoto- 
meters, refractometers, viscosimeters and 
blood pH equipment. 


SEND FOR COMPLETE DESCRIPTIVE CATALOG 3 


BRINKMANN 


BRINKMANN INSTRUMENTS, 
115 CUTTER MILL ROAD, GREAT NEC 
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CHOOLS EXPERIMENT 
: 
+150°C +150°C +150°C +150°C +150°C 
ZE: 
The Klett Plucrimeter 
: 
| 7 
4 
| 


The X in this formula stands for the amount 
of money per student spent on balances. This 
is your true cost. It is lowest on Mettler bal- 
ances because of the savings in the number 
of balances needed and the space occupied by 
them. Furthermore, instructors and students 


use less time. 


This diagram represents the space saving. 


THIS IS THE SPACE SAVED remem nh 


The diagram is based on the conservative 


assumption that one Mettler balance does the 


WRITE TODAY work of four equal-arm, undamped student 
FOR COMPLETE balances. 
‘LITERATURE 


METTLER INSTRUMENT CORPORATION 


—P.0. BOX 100, PRINCETON, NEW JERSEY 


A352 / Journal of Chemical Education 


Se 
pl 
wi 
eq 
we 
Fe 
in 
all 
Q 
so 
mi 
te 
lat 
Se 
lec 
| \ ; \ H / / \ 1 
| 
Se 
liq 
co 
in 
is 
be 
TI 
iol 
th 
tic 


CHEMICAL PROJECTS 


Research Ideas for Young Chemists 


JAY A. YOUNG, Kings College, Wilkes-Barre, Penna. 
JOHN K. TAYLOR, National Bureau of Standards, Washington, D. C. 


feature 


Compiled by 


Solubility of Sulfur: An Undergraduate Research Project 


See Brooke, M., J. Chem. Educ., 28, 434-435 (1951). 


The solubility of sulfur in volatile solvents is determined by 
placing an excess of sulfur in the selected solvent in a flask fitted 
with a reflux condenser. At various selected temperatures, after 
equilibrium has been established, aliquots are withdrawn and 
weighed, the solvent evaporated, and the residual sulfur weighed. 
For non-volatile solvents, a weighed quantity of sulfur is placed 
in a weighed quantity of solvent and the temperature raised until 
all the sulfur is dissolved. The temperature at which the mixture 
becomes turbid, as the solution is cooled, is noted. 


Questions: 


The procedure described in this article can be used for many 
solute-solvent systems. Select any solute and solvent and deter- 
mine the solubility of the solute in the solvent as a function of 
temperature. Is there any relationship between the solubilities of 
a selected solute in a series of homologously or isomerically re- 
lated solvents? 


Determination of the Density of Oxygen Gas 


See Frexers, B. A., J. Chem. Educ., 31, 139-140 (1954). 


Oxygen, supplied from a pre-weighed ‘“(Oxybomb,”’ is collected 
over water. The volume, pressure and temperature of the col- 
lected gas are measured. These data, together with the weight 
of the partially exhausted Oxybomb, can be used to calculate the 
density of oxygen under the pressure and temperature at which 
it was collected. (An Oxybomb is a small 2.5 in. X 0.62 in. 
cylindrical metal cartridge filled with oxygen under pressure. A 
needle valve which fits the neck of the cartridge is used to control 
the amount of gas removed from the cartridge. ) 

Cartridges of other gases are available, although special needle 


For precise work the solute and solvent selected should be 
known to be pure. Prepare pure solute and solvent, check their 
purity by suitable analytical techniques, and measure the solu- 
bility characteristics of this solute-solvent pair. 

In comparison with the total possible number of solute-solvent 
pairs, data on solubilities in the published literature are quite 
incomplete. After a thorough search of the literature, select a 
solute-solvent pair for which there are no data or for which the 
data are incomplete and determine the solubility characteristics 
of this new solute-solvent pair. Materials of analytically de- 
termined purity should be used and the necessary technique 
should be acquired by performing the appropriate operations 
with a solute-solvent pair whose solubility characteristics are 
known, repeating until your data conform with those in the liter- 
ature, before proceeding to the new pair. Any literature search 
to identify gaps in the published literature could begin, but should 
not end, with Chemical Abstracts. Precise data on new solute- 
solvent pairs might well be publishable. 


valves not commercially available would have to be designed and 
constructed for some of these. 


Questions: 


What is the molecular weight of oxygen? 

Using oxygen, evaluate R, the ideal gas constant. 

How many molecules are there in one mole of oxygen? 

Determine the molecular weight of a gas other than,oxygen. 

Using a gas other than oxygen, determine the value of FP or of 
Avogadro’s number. 


Molecular Association Equilibria from Distribution and Related Measurements 


See Davies, M., anv Hata, H. E., J. Chem. Educ., 33, 322-7 (1956). 


Many compounds are soluble in more than one solvent. For 
example, acetic acid is soluble in water, in benzene, and in other 
liquids. If an aqueous solution of acetic acid is placed in a vessel 
containing some benzene, the acetic acid dissolves, to some extent, 
in the benzene. After a suitable period of time, an equilibrium 
is established between the acetic acid in the water layer and in the 
benzene layer: 


HOAcin water HOACin benzene 


The above equation is incomplete in that it does not indicate the 
ionization of acetic acid in water solution, nor does it indicate 
the molecular association of this solute in benzene. This equa- 
tion is closer to the truth: 


2H;0* + 20Ac~ = 2HOACin water (HOAc)ein benzene 


However, data obtained from laboratory experiments indicate 
that this equation, also, is not completely accurate, particularly 
with respect to the species which exist in the benzene solution. 


The data are obtained by adding benzene to an aqueous solu- 
tion of acetic acid and mixing vigorously. After the layers have 
separated upon standing, aliquots of both layers are titrated with 
a base of known concentration. (Details can be found in any 
laboratory manual of physical chemistry. The liquids should be 
at a known, constant temperature, and should be maintained at 
this temperature until the aliquots are withdrawn.) 

Mathematical details relating to the inaccuracies of the above 
equations are discussed in the article by Davies and Hallam. 


Is acetic acid dimeric in benzene, or does it exist in some other 
form in this solvent? 

In what form does acetamide exist in chloroform solution? 

Using other solutes and solvents, determine the degree of 
association of the chosen solute in the selected solvent. 

(This investigation is particularly suitable for the student who is 
interested in the relationship between mathematics and chemistry.) 
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As an analytical tool, gas chromatography can be applied both 
to gaseous mixtures and to mixtures of volatile materials. With 
sufficient attention to detail, the data that are obtained can be 
interpreted quantitatively. This article describes the construc- 
tion and operation of a gas chromatograph; two articles im- 
mediately preceding! discuss the principles. 

The chromatographic column can be filled with any one of the 
several available materials now on the market instead of the 
specific material recommended. The device immediately on the 
right of flask B2 in Figure 1 is a vacuum pump. 


1 Cassipy, H. G., J. Chem. Educ., 33, 482 (1956); Lorz, J. R. 
and WiLLINGHAM, C. B., J. Chem. Educ., 33, 485 (1956). 


A Quantitative Sodium Flame Test 
See Kip.inGer, C. C., J. Chem. Educ., 28, 641 (1951). 


An inexpensive spectroscope is modified by the use of two pieces 
of polaroid to serve as a simple spectrophotometer. One piece 
of polaroid is placed between the prism and the light source; 
the other is placed in the eyepiece in such a way that rotation of 
this piece can be indicated by a pointer extending in front of a 
protractor scale. Solutions containing sodium ion are fed, by a 
filter paper wick, into a burner flame. The angle of rotation of 
the polaroid which is necessary to “‘extinguish’’ the emitted light 
is measured on the protractor. This angle is an approximately 
linear function of the sodium ion concentration, up to about 0.1 
molar. 


Gas-Phase Chromatography: A Class Experiment 
See BRENNAN, D., AND KeMBALL, C., J. Chem. Educ., 33, 490-492 (1956). 


Questions: 


Should peak heights or peak areas of a chromatogram be used 
to determine the composition of a mixture? 

What factors determine the optimum temperature of operation 
of an adsorption column? 

Does the precision or the accuracy of an analysis, or both, de- 
pend upon the rate of flow of gas through a gas chromatograph? 

Is distilled cider vinegar merely an aqueous solution of acetic 
acid? 

The ethyl alcohol content of most liquid flavoring agents is 
given on the label of the bottle. Can you verify such a state- 
ment? 

Is the efficiency of an adsorption column for each component 
of a mixture of hydrocarbons a linear function of the molecular 
weight of each hydrocarbon? 


Questions: 


Kiplinger mentions certain precautions: the height of the 
burner flame must be kept constant; if crystals appear on the 
paper wick, the data are useless, etc. Can you modify this pro- 
cedure so that it will be less subject to error and easier to obtain 
reproducible results? 

Kiplinger states that the amount of sodium present as an im- 
purity in certain reagents was found to be greater than that indi- 
cated as the maximum amount on the labels of the bottles con- 
taining these reagents. If true, this is distressing. Can you 
confirm this result? 

Is it possible to use this method for the quantitative determina- 
tion of other ions, such as potassium, or calcium, or boron? 


See Gunnin, H. E., J. Chem. Educ., 32, 258-259 (1955). 


Aqueous solutions of thioacetamide, 


hydrolyze rapidly at temperatures above 80° C, forming hydrogen 
sulfide and other products. Cations which form insoluble sul- 
fides will precipitate as sulfides in a hot solution of thioacetamide. 
Hence, thioacetamide can be used in qualitative analytical pro- 
cedures instead of gaseous hydrogen sulfide. No essential change 
in the analytical procedure is necessary, and the elimination of 
poisonous, malodorous hydrogen sulfide constitutes an additional 
advantage. 

Because of the very slight solubility of many sulfides, it would 
seem that quantitative analytical determinations of many differ- 
ent substances could be based upon the precipitation of the con- 
stituents as sulfides. When hydrogen sulfide is used, this pro- 
cedure is not practical because sulfides so formed are often par- 
tially colloidal and not completely separable from the liquid 
media in which they are formed. The same sulfides, precipitated 
by hydrolysis of thioacetamide, are not colloidal; this procedure 
can be used for quantitative analytical determinations. 


Antimony trichloride is soluble in concentrated hydrochloric 
acid. When sufficient water is added to this solution a white 
precipitate, probably SbOCI, is formed. Comparison of the 
calculated percentage of antimony in SbOC! with that found by 
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Thioacetamide as a Sulfide Precipitant in Qualitative and Quantitative Analysis 


analysis of the precipitate would serve to confirm or deny the 
supposed identity of the precipitate. Is SbOCIl the correct 
formula for this precipitate? 

Type metal, used by printers in Linotype machines, is an alloy 
of lead, antimony, tin, and sometimes one or two other metals. 
This alloy is melted and kept molten prior to casting type; as a 
result, some oxidation occurs and the composition of the alloy 
changes. This change is called “dross deterioration.’’ Obtain a 
sample of used type metal from your local printer. Determine 
its composition and compare with the original composition of the 
type metal, as furnished by the type metal supplier. Which 
component of type metal alloy is preferentially subject to oxida- 
tion? 

Two different kinds of questions, one relating to a problem that 
is chemical in nature, and one directing attention to analysis, are 
given above. Thioacetamide can be used in the analysis of 
many other compounds and mixtures. From your own experi- 
ence select a chemical or analytical question which can be an- 
swered by using thioacetamide as an analytical tool and set out 
to find the answer. Examples of a few more such questions are: 
Does a chemical change occur when silver chloride is exposed to 
light and thereby becomes darker in color? How much nickel 
metal is present in a nickel (5¢) coin? What is the thickness of 
the tin coating on a “tin can?’ Different types of solder melt at 
different temperatures; are these differences ia melting points 
related to differences in composition? 

Why do sulfides precipitated with thioacetamide coagulate 
more readily then the same sulfides precipitated with hydrogen 
sulfide? 
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SAMPLE 
mt Octane 
A New...Fully Guaranteed... Professional = 
on = Cotume—Sete Bote 
Quality. se GAS CHROMATOGRAPH. = 
: Aspeedy, reliable solution to routine gas and volatile liquid analysis problems 4-4 ¢ 5 
. .- Quickly pays for itself in savings in time and material . . . Inexpensively 
is makes gas chromatography available to everyone. = + : x 
Ideal for quality control of any raw material or finished product with boiling + 
point to 105°C. (and many up to 120°C.) . .. Safeguards the quality of the = =sS2="=S: *% Zz 
product you sell... the products you buy. — Te pre 
A few applications for The Chronofrac*: 
Combustion products “Chronofrac” VP-1 liquid separation of 4 major or- 
Flue gases ganic groups using catalytic combustion detection. 
= Chemica reaction converters, stream and towers “Chronofrac” VP-1 separation of 10 gases utilizing 
such as: thermal conductivity detection. 
Ammonia oxidation process — nitric acid 
Acetone, and by-products such as methyl ethyl ketone >> SS SSS = 
Depropanizers 
Low molecular weight intermediates = 
Simply installed and operated ... sets up in 30 minutes or less... easily = 78 cx/min. 
in operated by non-technical personnel with less than an hours instruction. + 5 Recorders aw 
n- Closely examine the illustrated chromatograms of actual test separations... Ht => 23 
li- see how effectively the CHRONOFRAC performs routine analysis .. . how 
n- easily this $250 instrument can take over your present work load... and is = £ 
yu free your expensive equipment for more complex analyses. # = 
a- : 
== 
= tort =: - = 
BUILT-IN FEATURES: 
BASELINE STABILITY 
Na Low drift assures true 
peak areas 
DUAL DETECTION 
4 Catalytic combustion and 
1e thermal conductivity 
le WIDE ATTENTUATION 
h 1—125 four position 
selectivity 
it HIGH SENSITIVITY 
5 PPM Hydrogen in any 
gas 
- The CHRONOFRAC is 
it in stock now, at selected 
laboratory supply dealers. 
| Write for 4-page illustrated 
f bulletin and nearest 
t stock location. 
Since 1920 
e LOCAL OFFICES IN: 
*Chrono (logical) Frac (tionation) PHILADELPHIA SAN FRANCISCO 


3733 WEST CORTLAND STREET + CHICAGO 47, LLINOIS 


+4 


CHECK THESE 
FEATURES 


e Optical quality crystal-clear 
acetate 

Wide, flat unobstructed 
viewing surface 

© Held securely in place by 
adjustable band 

Air cooled through “fog-free” 
vent aperture 
(Lets in air, keeps out chemicals) 


e Will accommodate eye-glasses 


Send for catalog depicting the new complete line 
of Kern Microscopes priced complete from $12.50 to $435 


LABORATORY 


Cafe-Feye 
GOGGLES 


Meets Federal specifications 
on optical quality and 
impact resistance 


Is eyesight worth 89c? 


Flying glass and chemicals are an ever-present 


Eyes Burned 


danger in every school, college and industrial 


laboratory. What's the answer to this vital safety 


ident in the che 


problem? Yes, Safety goggles compulsory for 


every one performing an experiment’ . . . spe- 


Dvorak 17, tra 
School, was ge 
in the eye and 


cifically Kern Laboratory Goggles because 
they’re designed with the student in mind to 
give complete protection, fit with face-hugging 
firmness, slip on easily, one size fits anyone, 


instructor, Warren Meme 


He Struck Test Tube 


and they're attractive, too! 


te c each — 79 Cc 


KERN CHEMICAL CORP. 


2611 EXPOSITION BOULEVARD * LOS ANGELES 18, .CA 
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TRANSITION TEMPERATURE IN IRON 


Rewritten and adapted from: Paul Flinn, ‘“The Physics of Metals” in Saturday Science, edited by Andrew Bluemle, 
E. P. Dutton and Company, Inc., New York, 1960, by Wayne Taylor, Michigan State University 


Checked by: Joseph E. Bowles, Michigan State University 


PREPARATION 


Secure approximately one meter of No. 20-gauge iron 
wire (stove-pipe wire). Mount horizontally with 
clamps between two support rods. Position meter 
stick vertically behind the center of the suspended wire 
so that expansion and contraction may be measured. 
Attach output of 110-v 15-amp variable transformer 
across the suspended wire. 


DEMONSTRATION 


The output voltage is gradually increased until the 
wire becomes bright red. This point should be beyond 
the first color change observed. At this point the 
switch is opened. Close obsefvation will reveal an* 
immediate contraction followed shortly by momentary 


CONDENSATION OF NOXIOUS GASES 


expansion, then further gradual contraction. The re- 
verse sequence may then be observed by closing the 
switch. It should be noted that the temperature at 
which the effect is observed is somewhat critical, hence 
careful manipulation of the current and initial observa- 
tion are necessary. Once the correct temperature is 
determined the effect is quite obvious and may be easily 
observed as the switch is opened and closed. 


REMARKS 

The body-centered cubic structure (at room tem- 
perature) changes to face-centered cubic structure 
above 910°C. The face-centered cubic structure has 
closer packing than the body-centered cubic structure. 
The change in structure produces a change in volume 
that in turn is reflected by the obvious change in length. 
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Submitted by: R. B. Escue, North Texas State College, Denton 
Checked by: J. R. Brandou, Michigan State University, East Lansing 


PREPARATION 


Introduce the larger end of a one-holed rubber stopper into the neck 


of a large balloon so that the mouth does not obstruct the hole. 


By holding 


the stopper, the opening may be butted to the exit of the compressed gas 
supply during the filling operation. Grasp the neck of the balloon and in- 
troduce the stopper into a test tube which makes a snug fit without re- 
moving the balloon from the stopper. 


DEMONSTRATION 

Place the test tube with attached inflated balloon into a cooling mixture 
capable of liquefying the gas at atmospheric pressure. After the balloon 
collapses, remove the unit from cooling mixture for display and watch 
balloon fill as the gas boils. 


REMARKS 

Naxious gases can be condensed without use of a fume hood and allowed 
to vaporize with no discomfort or danger. If desired, the balloon may be 
removed and refilled while the test tube remains in the cooling mixture. 
This will allow a larger volume of liquid to be displayed. Sulfur dioxide 
or ammonia may be condensed in a dry ice-isopropyl alcohol bath. With 
liquid nitrogen, argon may be frozen, melted (—189.2°C), and boiled 
(—185.7°C) within a 5° range. Small samples of oxygen may be liquefied 
in this manner for other demonstrations. 


DETACH PAGE BY CUTTING ALONG THIS LINE—#INDIVIDU 


Journal of Chemical Education + May 1961 


| 
| 
| 
TESTED : 
| DEMONSTRATION 
| 
| 
| im 
| 
| 
| 
| 
| 
| 
| 
. 5 | 
| 
| 
| 
| 
| 
| 
| 
: 
| 
<| 
| 
. 
j | 
TESTED 
DEMONSTRATION 
| 
| 
| 
— 
l 
| 
| ~, | 
| \ 
| WV, 
| 
| 
| 
j 
| 
| 
| 
| wel | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


For the third straight year, Corning Glass 
has awarded The Emil Greiner Company its 
Sales Achievement Award. Obviously, we 
love selling Pyrex” ware. Our customers 
love using it. It is a strong glass. It 
is lovely glass. If this sounds like 
an ode of love it is meant 
to be. We love 


PYREX° 
The EMIL, GREINER Ce. 


DEPT. 422, 20-26 N. MOORE ST., NEW YORK 18, NEW YORK 
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STERILIZATION today IS NO PROBLEM 


with 


LABORATORY EQUIPMENT 


For Steam Sterilization 


BOEKEL VERTICAL AUTOCLAVES 


Boekel Vertical Autoclaves are especially intended 
for laboratories where space is at a premium and 
economy is the watchword of the institution. In addi- 
tion, with the thermostatically controlled models you 
can enjoy automatic operation after loading and 
know that sterilization will be complete...... as 
well as doubly safe. 


For Hot Air Sterilization 
BOEKEL CONSTANT TEMPERATURE OVENS 


Boekel Autoclaves—with Thermostatic Controls 

e Maintain a constant 
working pressure. 

e Eliminate sterilization 
failures. 

e Do not require interim 
attention. 

e Avoid costly burnouts! 


Constant temperature within 35° to 200°C maintained 
by Robertshaw hydraulic thermostat—sensitivity + 1°C. 


Spot-welded body and frame available in rust resistant 
polished aluminized steel or stainless steel—both with as- 
bestos exterior panels. 


Double-wall construction with non-settling rock-wool insu- 
lation. 


e Uniform heat distribution by efficient baffling and stra- 
tegic location of coils. 


e Coils operate at black heat for maximum efficiency and 
longer life. 


e Individual on-off switch permits maintenance of thermostat 
setting for succeeding tests. 


e Thick asbestos gasket on door minimizes heat loss. Gas—1086 or 1088 
e Sturdy heavy gauge shelves are self-supporting even 


when partially withdrawn. 
Electric—1086E or 1088E 
AVAILABLE IN FIVE MODELS Chamber sizes 11” X 24” 


For complete details please request special bulletin or 14” X 26” 


WH BOEKEL & CO., 
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BAROMETER—Mercurial, U. S. Weather Bureau 
Professional Type. The mercury reservoir is con- 
structed of the Fortin principle and closely follows the 
design of the U. S. Weather Bureau pattern; it is rec- 
ommended for educational, industrial and weather 
bureau use. 

The mercury level can easily be seen through a 
plane glass window in the cistern. This level can be 
adjusted by turning the thumb screw on the face of 
the reservoir. This thumb screw moves a disc which 
controls a leather diaphragm, thus zeroing the mer- 
cury level to the exaet tip of a white plastic pointer per- 
manently set into the roof of the mercury reservoir. 
This U. S. Weather Bureau Professional Type Mercu 
Barometer is recommended for educational, industrial, 
and weather bureau use. It has English and Metric 
scales reading from 25 to 31 inches and from 64 to 79 
em. Readings can be made to !/19 inch and !/;99 cm. 
Mercury level is easily seen through a plane glass win- 
dow in cistern, and level can be adjusted by thumb 
screw. It is suitable for use from sea level to approxi- 
mately 3,000 feet. A standard grade thermometer is 
attached which reads in degrees Fahrenheit and Centi- 


grade. 
No. 5070.. 
Write for 60GH. 


mercurial 


barometer... 


Fherbach 


CORPORATION 
P.O, Box 1024 ~—s Ann Arbor, Michigan 


In almost every chemical laboratory filtra- 
tion is an important operation. Coors Porce- 
lain can help you with laboratory filtering 
problems. There are sizes to handle micro 
quantities and pilot plant quantities. Your 
laboratory supply dealer will be glad to 
assist you in making a selection from the 
more than 15 styles and 74 sizes listed in 
the Coors Porcelain catalog. 


Coors Filtering Devices — Gooch Crucibles 
¢ Porous Bottom Crucibles « Buchner Fun- 
nels ¢ Buchner Loose Plate Funnels « Buch- 
ner Jacketed Funnel « Table Type Buchner 
Funnel « Table Type Loose Plate Buchner 
Funnel « Hirsch Funnel « Conical Funnel 
¢ Filter Cylinder. 


Available through your local laboratory supply dealer 


COORS PORCELAIN COMPANY 


GOLDEN, COLORADO 


A360 / Journal of Chemical Education 


EBERBACH] 
| i £ 
ill 4 
f | 
sad re 
fc 
b 
al 
fe) 
fi 
| tl 
A 
| cr 
j | 
Beal 
d 
q 
+ A 
fa? 
| 
‘ 
| — 
| 
| 
| 


Facts about chemical industry 
growth that can be 
important to a student’s career 


Do your students know that the chemical industry has grown at a 
rate of about 10% per year since 1929, as compared with oniy 3% 
for the economy as a whole? It’s a fact! And there’s every reason to 
believe that this favorable growth rate will continue. 


For the graduating student about to launch his career, this spells 
opportunity. Opportunity to grow with a growth leader. 


Allied Chemical, for example, now produces more than 3,000 diversi- 
fied chemicals at over 100 plants throughout the country. Many of 
these products are basic—used in volume by almost every industry. 
Allied is at the heart of the nation’s economy and looks forward to 
continued growth and stability. 


Since Allied offers such a breadth and variety of opportunity, stu- 
dents can get valuable aid in their career planning by meeting with 
our campus recruiters or by reading the brochure, “Your Future in 
Allied Chemical.’’ If copies are not presently on hand in your office, 
they may be obtained by writing to: Director of Placement, Allied 
Chemical Corporation, 61 Broadway, New York 6, New York. 


DIVISIONS: 


BARRETT * GENERAL CHEMICAL 
INTERNATIONAL 


NATIONAL ANILINE NITROGEN h m ical 


PLASTICS * SEMET-SOLVAY 
SOLVAY PROCESS 


BASIC TO AMERICA’S PROGRESS 
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Everything a student needs 
For Introduction To 
Precise Radioactivity Measurements “ 


No. 2168 


LEARN RADIOISOTOPE TECHNIQUES—SCALER OPERATION 
NO AEC LICENSE REQUIRED 
ALL COMPONENTS OF RESEARCH QUALITY 


The “Nuclear Training System” is a complete It includes a sensitive end-window Geiger tube, 
package of thoroughly reliable equipment de- decade scaler, interval timer, sample mount, 
signed for any physics, chemistry, or biology lab- sample pans and pipette, set of radioactive re- 
oratory seeking to teach the essentials of radia- agents, and comprehensive manual of introductory 
tion phenomena and applications. radioisotope experiments. 


No. 2168. NUCLEAR TRAINING SYSTEM, Complete Each, $695.00 


No. 2168A. RADIOISOTOPE SET, only. Five reagents, micropipette, syringe, 100 
sample pans. As furnished in No. 2168. Set, $59.50 


write for descriptive circular 


THE WELCH SCIENTIFIC COMPANY 
ESTABLISHED 1880 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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EDITORIALLY SPEAKING 


Bae data in the committee report which 
evaluates the status of training students in the use of 
chemical literature (see page 273, this issue) reveal a 
near-unanimity on the opinion that such training is 
essential. This comes as no surprise to any thoughtful 
educator who realizes what is happening to the chemical 
literature. We have heard with rather startling fre- 
quency the comment that often a research organization 
finds it cheaper to run the chance of repeating research 
than to discover via the literature whether work has 
been done before. Usually this opinion is expressed to 
emphasize the growing complexity of the literature and 
the need for developing machine methods of informa- 
tion retrieval. 

Nevertheless, no chemist whose business is training 
the new crop of chemists should let this pass without 
a twinge of conscience. Does the average chemists’ 
training leave the impression that the literature is an 
impenetrable mystery? and that trying to probe it is 
not worth the cost in time and effort? We hope not! 

It is essential that every chemist realize that he has 
two sources of information available to him: the litera- 
ture and the laboratory. Familiarity with both and a 
working knowledge of the techniques of operating in 
both are equally fundamental. 

The complete text of the report (available on request 
from the chairman, Professor M. G. Mellon, Purdue 
University, Lafayette, Indiana) gives some interesting 
detail in support of the numerical summaries. We 
note that nearly 97% of the institutions attempt some 
kind of instruction in the use of the literature. Of 
these, 40.6% have formal courses which, with very 
few exceptions, are taught by chemically trained in- 
structors. The use'of various means other than formal 
courses to accomplish this training is reported by 56%. 

About two-thirds of the formal courses use a text- 
book. The course is prescribed in various years, from 
sophomore to graduate level. Though the nature of 
the instruction varies widely, lectures and problems 
are included by most. The course consistently follows 
the student’s acquisition of some facility with foreign 
language. The proponents of the formal course gen- 
erally express enthusiasm for the plan; nearly two- 


thirds require it of all degree candidates. They quote 
many letters from former students stating that al- 
though the course was one of the “‘toughest,’”’ it has 
proved to be one of the most valuable. One proponent 
points out that the course has opened such new vistas 
to students that usually at least one a year decides to 
make a career of working as a literature chemist. 

When no formal course is offered, a variety of plans 
are used to accomplish the same purpose. Usually 
two or more instructors require acquaintance with the 
literature in the subject matter of a course. Although 
this method admittedly may leave gaps in the student’s 
familiarity with the contents of the library, its advo- 
cates point out that its effectiveness rests on the prac- 
ticality and pertinence to the student’s immediate 
chemical problems. Some laboratory courses demand 
literature consultation as a first step; invariably re- 
search problems require it. The open-book or open- 
library type of examination is often used to simulate the 
kind of problem solving the student will find necessary 
after he graduates. 

The kinds of literature sources made use of by 
students in the “‘non-course”’ institutions were investi- 
gated. As can be expected, Chemical Abstracts is 
universally consulted. About 90% of the replies 
checked periodicals. In contrast only 12.5°% indicated 
that students learn anything about patents except to 
use a secondary source such as CA. This is probably 
the most unfortunate implication of the survey data, 
since in 1959 over 21% of all abstracts in CA covered 
patents. Even more striking is the low rating accorded 
governmental bulletins, 3.8%. Manufacturers’ tech- 
nical publications also are less often consulted than are 
bibliographies, indexes, monographs, etc. 

Whatever the preferences of readers may be, we again 
use this page to urge consideration of the importance 
of this phase of a student’s training. [It is a familiar 


theme; see for example 35, 217 (1958).] Modern 
training not only must meet modern problems, it must 
anticipate future ones. No more pressing need exists 
than to know how to handle—or at least approach 
sensibly—the problem of the rapidly growing printed 
record of chemical research. 
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SYMPOSIUM 


Chemistry of the Solid State 


The present surge of interest in crystal 
chemistry has come about through some recent dra- 
matic events. Most notable has been the invention 
of the transistor; less in the public notice, but with 
no less importance to the chemist and teacher seeking 


an understanding of the behavior of matter, are scores - 


of other new developments in electronics, metallurgy, 
magnetic materials, and light production which are 
the immediate result of new ideas about the solid state. 

The proper concern of the chemist (besides curiosity) 
with these matters should be twofold. First, chemists 
are involved in the purification and fabrication of the 
materials themselves. In a field of endeavor where 
“reagent grade” is synonymous with “grossly contami- 
nated,”’ the preparative skill of the chemist and his 
skill in analysis receive the sharpest challenge. Second, 
while the theories and methods of the solid state have 
been applied most intensively by physicists and en- 
gineers, there are few problems in chemistry upon which 
such methods could not be brought to bear with profit. 
Catalysis, electrochemistry, ceramics, crystallography, 
radiation damage, corrosion, and coordination chem- 
istry, to name a few, are fields in which an appreciation 
of modern views of the solid state is prerequisite to 
reading the current literature and, even more so, 
to sensible teaching. 

A conventionally-trained chemist must be struck im- 
mediately by the preoccupation of the solid-state people 
with defects, impurities, and irregularities in crys- 
tals. This should not be surprising in the least; the 
perfect crystal is viewed as a sort of “solvent” in which 
the defects are distributed. An unoccupied lattice site 
has a much more interesting effect upon the properties 
of a crystal than does an atom in a normal site. Honig 
(1, 2) has published a good introduction to the role of 
imperfections in crystals, and Morrison (3) treated the 
effects of defect structures on solid surfaces, as part 
of a 1957 symposium concerned with solids. Im- 
purities, particularly those of valence differing from 
the atoms of the host crystal, products of high-energy 
radiation, and atoms incorporated in excess of normal 
stoichiometry, all can be considered imperfections hav- 
ing a marked effect on the chemistry and physics of 
crystals (4, 5, 6). The interactions between these 
entities comprise a fascinating chapter in solid-state 
chemistry, the groundwork of which was laid more than 
thirty years ago by Wagner and Schottky. 
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Introduction 


The behavior of electrons in solids is not so readily 
visualized by one accustomed to dealing with isolated 


atoms and molecules. When N atoms, each having n 
electronic energy levels, are brought together to form 
a crystal, there result Nn levels for the crystal as a whole. 
These are spread into bands of very closely spaced levels 
(7). Whether, in an electric field, the electrons can 
gain energy from the field (and by so doing, conduct) 
depends upon whether higher empty energy levels are 
readily accessible. Insulators are characterized by an 
exactly filled valence band, above which lies an energy 
gap in which no levels exist (analogous to the regions 
between discrete levels in free atoms). The valence 
electrons of metals occupy an unfilled band, the con- 
duction band. Semiconductors are (a) solids in which 
the gap between the filled valence band and the conduc- 
tion band is small enough so that electrons are excited to 
the conduction band by thermal energy, or (b) crystals 
having levels in the energy gap introduced by imper- 
fections, either chemical or structural, to which or from 
which electrons can be exited by thermal energy. Note 
that the removal of an electron from a filled band 
creates a hole (an empty energy level) which allows 
electronic conduction in the valence band. 

It is clear that the interplay of foreign atoms, vacant 
lattice sites, electrons and holes all “dissolved” in the 
otherwise perfect crystal provides a situation in which 
the principles governing chemical processes can be put 
into practice with novel and interesting results. 

The six symposium papers to be published in TaIs 
JOURNAL treat as many quite distinct aspects of solids. 
The theme of the symposium was skillfully set and the 
introductory theory presented by professor J. W. 
Mitchell, University of Virginia. 


Allen B. Scott, symposium chairman 
Oregon State College, Corvallis 
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| aa observations can be made about 
research on ionic crystals as revealed in the published 
literature. First, most of the investigations of the 
physical properties of these materials have been car- 
ried out on the alkali halides, and second, since 1925 
the investigations have been primarily concerned with 
the role played by imperfections in determining the 
properties of crystals. This paper will discuss the 
latter work. 

Because of their simple structure, the alkali halides 
were the first crystals to yield to detailed calculations 
of lattice energy. The properties of the ideal lattice 
have been thoroughly discussed (1, 2, 3). 

Frenkel, in 1926 (4), and Schottky, in 1935 (6), 
developed theories regarding the presence of inter- 
stitial and vacancy defects in crystals which were in 
thermal equilibrium. The idea of a dislocation was 
developed in 1934 by Taylor (6) and Orowan (7). 
Impurities may also be considered’ defects, since their 
presence disturbs the periodicity of the lattice. In 
addition to these imperfections, there are the electrons, 
holes, and excitons produced by radiation. Combina- 
tions of these imperfections with vacancies create 
another group of defects known as color centers; 
these have been most intensively investigated in the 
past 30 years. 


Vacancies and Interstitials 


Measurements by Tubandt in the early 1930’s in- 
dicated that the conductivity of alkali halides is ionic. 
If the lattice is perfect, it is difficult to understand how 
a field of a few hundred volts per centimeter can be 
responsible for the observed conductivity. The bind- 
ing energy of an ion in a normal! lattice position is about 
one electron volt and would require a field of millions 
of volts per centimeter to dislodge it. Theoretical 
investigations by Frenkel (4), Wagner and Schottky 
(8), Schottky (5), Jost (9), and later Mott and Little- 
ton (10) have shown that if imperfections are assumed 
to be present in the lattice, the observed conductivity 
can be explained on this basis. Frenkel proposed that 
in certain crystal structures a number of ions had been 
removed from their normal sites and displaced to in- 
terstitial positions in the lattice. Conduction can then 
take place either by motion of the vacancies created 
when an ion is removed to an interstitial position, by 
the motion of the interstitial ions, or by both. Schottky 
(5) has proposed that ions may be removed from 
their normal sites to the surface of the crystal, producing 


-Presented as part of the Symposium on Chemistry of the Solid 
State before the Division of Chemical Education at the 138th 
Meeting of the ACS, New York, September, 1960. 


lonic Crystals 


a vacancy at the normal site. The positive and negative 
ion vacancies created in this manner will be equal in 
number since the crystals must remain electrically 
neutral. Conduction, in this case, can occur either by 
the movement of positive- or negative-ion vacancies 
or both. Schematic representations of Frenkel and 
Schottky defects are shown in Figures 1(a) and 1(b) re- 
spectively. Theoretical investigations of Schottky 
(6), Jost and Nehlep (//), and Mott and Littleton 
(10) indicate that the Frenkel defects are most prob- 
able in the silver halides and Schottky defects most 
probable in the alkali halides. For the alkali halides 


4+-4+-4+- 


4+- 
+—-+-4+- -—-+-+4+-+4 


Figure 1. (a) Frenkel defect in the cation sublattice; (b)Schottky defect. 


then, Schottky defects predominate and it can be 
shown that positive ion vacancies are the charge car- 
riers. The conductivity varies with temperature in the 
following way: 


o = + 


where U is the activation energy for a jump, W is the 
energy to form a pair of vacancies, k is Boltzman’s 
constant, and 7’ the absolute temperature. A typical 
curve of the dependence of the conductivity upon tem- 
perature is shown in Figure 2. Above the knee in the 
curve both the mobility and the number of charge 
carriers vary with temperature whereas below the knee 
the number of charge carriers is fixed by the presence 
of impurities and only the mobility varies. 


Dislocations 


The need for invoking the concept of dislocations 
arose in the early 1930’s when investigators concerned 
with the plastic deformation of solids observed that a 
slip of several microns occurred on planes separated by 
about a micron. The strengths of crystals predicted 
on the basis of a perfect crystal were about one thou- 
sand times greater than was observed experimentally. 
Certainly if the lattice were perfect, a uniform simul- 
taneous gliding of adjacent planes of atoms should 
occur. Theory and experiment agree when the con- 
cept of dislocations is invoked. 

Dislocations may be considered as defects associated 
with the misregistry of two adjacent parts of the lattice. 
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Figure 2. The temperature dependence of the conductivity in sodium 
chloride. 


Basically there are two kinds of dislocations: edge dis- 
locations and screw dislocations. The edge dislocation 
is shown in Figures 3a and 3b. Such a dislocation may 
be thought of as due to an extra plane of atoms ex- 
tending only part way into the crystal having been 
produced by the slip of one part of the crystal over 


another part of the crystal one atomic distance. 
The line in the interior of the crystal in Figure 3a is the 
edge dislocation. Edge dislocations may not lie en- 
tirely in the same line of atoms, but may jump to an 
- adjacent slip plane. The point where such a jump 
occurs is called a jog. An edge dislocation can move 
in two ways: it may glide where the movement is in 
the direction of slip but perpendicular to itself or it 
may climb where the movement is out of the glide 
plane. The latter motion is more difficult since atoms 
must be added or removed from a jog, thus forming 
vacancies or interstitial atoms in the crystal. Such 
a motion may be expected to occur at elevated tempera- 


(b) 


Figure 3. (a) An edge dislocation line BC produced by a stress in the plane 
of ABCD and perpendicular to BC. (b) Atomic configuration of an edge 
dislocation. 


tures and during annealing processes. The enhanced 
ionic conductivity observed by Gyulai and Hartly 
(12) following plastic deformation is an example of 
this mechanism. A screw dislocation is shown in 
Figure 4 and may be visualized as a helical pattern in 
the lattice, with no specific slip plane. 
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Since the crystal is distorted in the neighborhood of 
a dislocation there are stress fields set up. There is 
then a tendency for impurities or vacancies to cluster 
near the dislocation in order to minimize the strain 
energy. Hence dislocations can act as sinks for va- 
cancies as well as sources. 

The origin of dislocations is not well understood. 
It may be that they arise accidentally during the 
growth process of the crystal because of the presence 


of impurities. Mitchell (73) has indicated that with ~ 


extremely pure crystals the dislocation content is so 
small that cleavage is impossible at room temperature. 
In contrast to vacancies and interstitials, dislocations 
are not an equilibrium imperfection. Thermodynamics 
cannot account for the observed densities of dislocations 
found in crystals. 


Figure 4. Schematic representation of a screw dislocation. 


Impurities 


Impurities in single crystals of the alkali halides may 
be divided into two general categories: Those impurities 
which are inadvertently present and those impurities 
which are intentionally added to the melt during the 
growth process. In the former group are impurities 
which are present in the charge used for the single 
crystal growth and those which are introduced if the 
crystal is grown in air. Certain impurities like lead, 
silver, and thallium introduce bands in the optical 
absorption spectra. Crystals containing these ions 
also luminesce when excited by light in these absorp- 
tion bands. Divalent positive impurities enhance the 
ionic conductivity of alkali halides as shown in Figure 
5. Many of these same impurities increase the radia- 
tion sensitivity of the host crystal. This aspect will 
be discussed in greater detail in a later section of the 
paper. 

One effect of intentionally added impurities is de- 
scribed by the work of Pick and Weber (14). Their 
work shown in Figure 6 indicates that the density of 
KCl crystals doped with divalent calcium decreases as 
one would expect if the calcium ions substituted for the 
potassium ions and a positive ion vacancy was created 
for each calcium ion added. The upper line in- 
dicates what would be expected if the densities were 
additive, the bottom line indicates the substitution 
just described, and the dotted line the experimental 
data. Since the conductivity is primarily dependent 
upon the number and the mobility of positive ion va- 
cancies, the introduction of divalent ions into the lattice 


increases the positive ion vacancy content and hence_ 


the ionic conductivity. This is shown in Figure 5, 
where the conductivity is plotted as a function of the 
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Figure 5. Electrical conductivity at 403°C. of NaCl containing cadmium 
ions as a function of cadmium ion concentration. 


divalent ion concentration. The small amount of 
curvature in this figure indicates that not all the charge 
carriers (positive ion vacancies) are.free to contribute 
to the conductivity. A certain fraction are associated 
with the divalent ions. Recently Rolfe (15) and Etzel 
and Patterson (1/6) have shown that the presence of 
hydroxy! ions in air-grown alkali halides affects many 
of the properties of the crystals. After identifying the 
impurity, crystals were grown with the addition of 
alkali hydroxide to the melt to observe these effects 
under controlled conditions. The effect of hydroxyl 
ions on the sensitivity of alkali halides to ionizing radia- 
tion will be discussed in a later section. 


Free Electrons and Holes 


In the band picture of an insulator the top of the 
filled band (valence band) and the bottom of the con- 
duction band are separated by several ev. Hence 
at ordinary temperatures there is no electronic con- 
duction. In metals where the available electrons do 


KCI+CaCl, 


— 


Fig. 6. Change in density of KCI as a function of the addition of CaCl: 
(solid line is the experimental data). The upper curve is that change ex- 
pected if the densities of the two salts were additive. The lower dashed 
curve represents the expected density change if a calcium ion plus a cation 
vacancy replaced two potassium ions. 
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Figure 7. Schematic band picture of an alkali halide showing exciton 
levels, donor levels, (e.g., F centers), and acceptor levels (e.g., H centers). 


not fill the levels in an allowed band, conduction is 
possible even at very low temperatures. Intermediate 
between these two cases are semiconductors which like 
the insulators have a forbidden energy gap between 
the valence and conduction bands, but of the order 
of an electron volt or less. In this case electrons may 
at finite temperatures be thermally excited to the con- 
duction band. When electrons are excited into the 
conduction band, holes are left behind in the valence 
band and they may also contribute to the conductivity. 
Impurities may contribute to the conductivity by in- 
troducing energy levels in the forbidden gap from which 
or to which electrons may be excited. Those impurities 
that release electrons to the conduction band are 
called donors and those that trap electrons excited from 
the valence band are called acceptors. A pictorial 
representation of the band scheme in insulators is 
shown in Figure 7. A transition from the valence 
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Figure 8. Ultraviolet and infrared absorption spectra of an alkali 
halide. 


band to the conduction band in the alkali halides re- 
quires of the order of 6-10 ev. The corresponding op- 
tical absorption occurs therefore in the ultraviolet 
region of the spectrum. The spectrum as shown in 
Figure 8 has considerable structure. The alkali 
halides are optically clear in the visible region of the 
spectrum but absorption again occurs in the infrared 
due to vibration of the lattice ions. 


Excitons 


In the case of fundamental band absorption the elec- 
tron associated with the halide ion is removed from the 
ion to the conduction band. If however the energy 
is sufficient only to raise the halide valence electron 
into an excited state so that it is still bound to its hole, 
then the entity is called an exciton. The electrically 
neutral unit so formed is free to travel through the 
crystal and hence transports energy but no electrical 
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charge. Experimental measurements indicate that 
the longest wavelength absorption in the ultraviolet 
region of Figure 8 is an exciton band since no photo- 
conductivity is observed when light of this wave- 
length is absorbed. 


Color Centers 


When the alkali halides are exposed to ionizing 
radiation, electrons may be stripped from the halide 
ions. The resulting halogen atom may be thought of as 
a halide ion plus a positive hole. Not only may the 
electron be free to wander through the crystal but the 
hole may move from halide ion to halide ion in the 
crystal. Most of the electrons so freed are retrapped by 
the hole and hence returned to their original state. 
‘However a certain number of electrons are trapped by 
other positively charged points in the lattice. A 
negative ion vacancy represents such a trap for an 
electron. Dipositive ions are in the same category. 
In the same manner positively charged holes may be 


57+ 
4+ 
+—-+-+-+-4- 


Figure 9. The current models for the F, F’, a, 8, H, and Vx centers in the 
alkali halides. 


trapped at negatively charged defects. An electron 
trapped at a negative ion vacancy is called an “F 
center” and gives rise to an optical absorption band 
usually in the visible region of the spectrum. Centers 
associated with holes trapped at positive ion vacancies 
are called ‘“‘V centers” and their absorption bands gen- 
erally lie in the ultraviolet region of the spectrum. 
F and V centers created by ionizing radiation can be 
removed by heating the crystals to a few hundred 
degrees Centigrade. At these temperatures the elec- 
trons are thermally released from their traps and re- 
combine with the holes. Even at room temperature 
the bands created by ionizing radiation are not op- 
tically stable. Irradiation into the F band produces, 
at the expense of the F band, other bands denoted as 
R,, R2, M, and N bands. The centers responsible for 
these bands will not be discussed since not enough is 
presently known about them other than the fact that 
they are due to electrons trapped at lattice defects. 
Since the F center is analogous to a hydrogen atom it is 
expected that the F center would have a series of ex- 
citation levels. Liity (17) has observed four bands on 
the high energy side of the F band which he ascribes 
to such states. 

Color centers which are produced by adding a stoi- 
chiometric excess of alkali ions to a crystal are much 
more stable than those created by radiation. The 
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excess is developed by heating the crystals to a few 
hundred degrees below their melting point in an alkali 
metal vapor. New layers of ions form on the crystal 
surface when halide ions diffuse to the surface. The 
electron from the deposited alkali atom diffuses to the 
negative ion vacancy in the interior of the crystal to 
form an F center; V centers may be formed in a sim- 
ilar fashion by heating the crystal in a halogen vapor. 
Hence one can obtain either electron centers or hole 
centers but not both. The same effect can be produced 
by injecting electrons or holes from a point probe 
while the crystal is at an elevated temperature. 


The centers just discussed, whether produced by 
ionizing radiation or by additive coloration, were 
created at room temperature or above. It is possible 
to color crystals with ionizing radiation at temperatures 
as low as 4°K. Much work has been done on colora- 
tion at this temperature and at 78°K. The F band ap- 
pears at all temperatures in the range from 4°K to room 
temperature when a crystal is exposed to high energy ra- 
diation. At 4°K only the F band and a band of shorter 
wavelength form. The shorter wavelength band is re- 
ferred to as the H band by Duerig and Markham (1/8), 
who first observed it. The model originally suggested for 
the H center by Seitz was a hole trapped at a pair of 
vacancies (one positive and one negative). This center 
would have a (100) symmetry. The work of Comp- 
ton and Klick showed that the H center must be dif- 
ferent from any of the proposed models. They ob- 
served dichroism in the H center after bleaching with 
polarized light. According to Compton and Klick 
the optical dipole moment of the H center is parallel 
to the (110) direction. Subsequent work by Kanzig 
and Woodruff (19) established the H center as a trapped 
hole center in which the halide ion with a hole is 
trapped interstitially and the hole is shared by two 
halide ions and to a lesser extent with two more halide 
ions. In effect then the H center, shown in Figure 9, 
is composed of four halide ions occupying three halide 
sites with a trapped hole, the center lying in a (110) 
direction in the crystal. 


The first electron resonance of a V center was re- 
ported by Kinzig (20). This center was produced by 
subjecting a crystal to X-rays at 78°K and was orig- 
inally reported by Kanzig to be the V; center (a hole 
trapped at a positive ion vacancy). Later work by 
Delbeeq, Smaller, and Yuster (2/), who combined op- 
tical measurements with the resonance measurements, 
showed that the resonance signal was from another 
trapped hole center and not the V; center. Castner, 
Kanzig, and Woodruff (22) were able to show that the 
center, now called the Vx center, is due to a halogen 
molecule-ion X,~, oriented along the (110) axes 
of the crystal. The V, center is formed by the loss 
of an electron from a halogen ion and a subsequent 
pulling together of this atom with an adjacent normal 
halogen ion. The Vx center may be pictured as a 
hole shared by two halide ions as shown in Figure 9. 


The current model of the F center, often referred to 
as the de Boer model, is that of an electron trapped at a 
negative ion vacancy. An alternative model involving 
the trapping of an electron at an interstitial alkali 
ion has been considered an inferior choice mainly be- 
because of the calculations of Mott and Littleton (10) 
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Their theoretical argument against the interstitial 
atom is that nearly 1 ev more energy is required in the 
alkali halides to form a Frenkel defect than to form a 
Schottky defect. The most convincing evidence for 
the de Boer model of the F center comes from spin 
resonance measurements. A quantitative interpreta- 
tion of the shape and breadth of the resonance 
spectrum by Kip, Kittel, Levy, and Portis (23) in- 
dicated that the electron in the halide ion vacancy in- 
teracts not only with the six nearest-neighbor alkali ions 
but to a lesser degree with the nearest twelve halide 
ions. By substitution of K*! for K** in KCl, a pre- 
dicted sharing of the resonance line was observed, 
demonstrating that the broadening does arise from the 
interaction of the F center electron with the nuclear 
spins of the neighboring ions. Using an electron spin 
double resonance technique Feher (24) has shown di- 
rectly the hyperfine interaction of the F center electron 
with its nearest neighbors. 

The other well-known color center for which good 
experimental evidence exists is the F’ center. The 
F’ center is formed by irradiating an F centered crystal 
with light in the F band at temperatures below 150°K. 
The F’ band is not thermally stable at room tempera- 
ture. The quantum efficiency measurements of Pick 
(25) indicate that at —100°C two F centers are de- 
stroyed for each quantum absorbed. The data are con- 
sistent with the model of the F’ center being due to 
two electrons trapped at a halide ion vacancy. Further- 
more at the lowest temperatures, light absorption in the 


* F’ band destroys one F’ center and two F centers are 


there are two absorption bands due to a perturbed 
lattice absorption. When an alkali halide is colored 
with F centers a band designated as the 6 band is 
observed on the low energy side of the exciton bands. 
When the F band is optically bleached the 8 band de- 
creases and another band designated as the a band 
appears at a still lower energy. These bands were 
first observed by Delbecq, Pringsheim, and Yuster 
(26). Their interpretation of these bands is as follows: 
The 6 center is presumed due to the perturbation by an 
F center of the exciton absorption. The a band which 
appears when the F band (and therefore the 8 band) 
bleaches is presumed due to a stronger perturbation of 
the exciton absorption by an anion vacancy. The 
a and 8 bands have only been observed at tempera- 
tures below 100°K. 

It appears then, that at the present time, one has 
rather well established models for the F, F’, a, 8, H, 
and V, bands as shown in Figure 9. The state of our 
understanding of the M, R;, Re, N, O, Vi, Ve, Vs, 
V4, etc. bands is incomplete. 


Generation of Defects in the Alkali Halides 


Of the many problems that are currently being in- 
vestigated in the alkali halides, one which has received 
considerable attention and is not yet completely solved 
is the problem of the generation of defects, and hence 
color centers, by high energy radiation. High energy 
radiation shall be defined here as X-rays, gamma rays, 
and Mev electrons. 

The most recent work on the generation of color 
centers at 4°K by Rabin and Klick (27) will be dis- 
cussed first. All the earlier work was done at higher 


formed. 
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Figure 10. F band growth in various NaCl crystals irradiated with X-rays at room, liquid nitrogen, and 


liquid helium temperatures. 
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temperatures where the picture is still not clear. 
Rabin and Klick found that about 1.3 10% ev was 
required to form an F center in KCl at 4°K. If 
the crystals were optically bleached and reirradiated 
at the same temperature, it was then found that only 
28 ev were required to form an F center. This sug- 
gested that the large expenditure of energy in the first 
irradiation was required to generate isolated vacan- 
cies and fill them with electrons; and that the second 
irradiation colored the crystal efficiently because the 
optical bleach did not remove the radiation-produced 
vacancies. It was only necessary to generate electrons 
to produce F centers. The number of F centers created 
at 4°K was independent of crystal purity and dis- 
location content; this suggested that these entities are 
not involved in the production of vacancies. This is 
shown in Figure 10 where crystals of different purity 
were irradiated. Since the F and H centers are formed 
simultaneously at 4°K, the process then does not in- 
volve the alkali ion sub-lattice. Previously it had 
been assumed (28) that positive and negative ion va- 
cancy pairs were formed by the climb of dislocation lines. 


Then, presumably, the pairs diffused away from the _ 


dislocation and were broken up when they trapped an 
electron. No source of interstitial halogen atoms is 
accounted for by this mechanism. It is to be recalled 
that Duerig and Markham (1/8) have shown that H 
centers are present in crystals irradiated at 4°K. 
Figure 11 shows the dependence of the efficiency of 
producing F centers at 4°K upon the halide ion spacing 
by ionizing radiation in different alkali halides. It 
will be noted that the efficiency is high when the space 
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Fig. 11. Total X-ray energy required to form an F center at liquid helium 
temperature for various alkali halides as a function of the ratio $/D, 
where S is the space between adjacent halides in the (110) direction of the 
normal lattice and D is the diameter of the halogen atom. S is given by 
[(o/+/2) — d] where a is the lattice constant and d is the halide ion 
diameter. 
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between two adjacent halide ions in the (110) direc- 
tion is greater than half the atomic diameter of the 
halogen atom. Hence a halogen atom may be fit 
interstitially by moving each of two halogen ions a 
distance of S/, further apart. According to Rabin and 
Klick the efficiency with which anion vacancies and 
hence F centers can be formed at 4°K is determined 
by the ease with which H centers are formed. 


The mechanism by which the radiation energy is 
absorbed is not yet well established. Irradiation into 
the fundamental band with exciton wave-length 
light has not produced F and H centers at 4°K (29). 
So it would appear that the energy released to the lattice 
upon the decay of an exciton is not sufficient. It is 
possible that the centers may be formed by a single 
ionization of a halide ion. The ionization may cause 
a relaxation of the lattice in the vicinity of the so- 
formed halogen atom; since the nearest neighbors are 
set in motion, the atom which is being uncharged may 
diffuse to an interstitial postion to form an H center 
while the electron is trapped by the anion vacancy to 
form an F center. Another possibility first suggested 
by Varley (30) is that a double ionization process may 
be responsible for producing color centers at 4°K. 
In this situation the halogen ion becomes positively 
charged by the loss of two electrons and is thereby 
ejected from the normal lattice site into an interstitial 
position where it retraps one electron to form an H 
center. The other electron goes to an anion vacancy 


to form an F center. Dexter (31) has pointed out that . 


the very high electron affinity of the positive halogen 
ion assures that this ion will quickly trap an electron, 
probably from a neighboring halide ion; thus the elec- 
trostatic forces tending to displace the ion will be nul- 
lified. Klick (32) has pointed out that the energy 
released by the transfer of an electron from a neighbor- 
ing halide ion may be utilized in producing an inter- 
stitial-vacancy pair. After the transfer occurs, the 
halogen molecule is small (the two halogen atoms are 
attracted by electron exchange forces) and the molecule 
can fit into the site occupied by one ion leaving an 
adjacent halide-ion vacancy. The jump of a neigh- 
boring ion into the vacancy results in the separation of 
the vacancy and the molecule. The trapping of an 
electron by each of these defects generates F and H 
centers. Evidence from spin resonance (1/9) and 
polarized light (33) measurements indicates that there 
is virtually no interaction between F and H centers 
when they are both in their ground states; thus the in- 
terstitial must be located several lattice sites away from 
the vacancy. It is likely that at such low tempera- 
tures as 4°K the ejection of an atom may be required 
rather than diffusion. It is not possible at this time to 
decide which mechanism is the proper one. 


At room temperature the data indicate that the rate 
of formation of the F band is strongly dependent upon 
the presence of impurities (34). In Figure 12 one sees 
that the initial rate of coloration is influenced by the 
presence of hydroxyl ions; however, for very high doses 
of radiation, there is an indication that the energy ab- 
sorbed per F center formed is about the same regardless 
of the impurity concentration. This suggests that even 
at room temperature the possibility of forming vacancies 
and interstitials must be considered. The mechanism 
for the production of defects at room temperature will 
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undoubtedly be better understood when expansion 
measurements coupled with precise lattice parameter 
measurements are carried out on single crystals free 
of impurities. 
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Figure 12. Growth of the number of F centers produced in NaCl at room 
temperature by X-ray radiation as a function of the energy absorbed. 
The hydroxyl ion content of these crystals is proportional to asso. 
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__The cover 


Unfortunately, the cover reproduction does not do 
justice to the striking color contrast in the photo- 
graphs of two crystals of zinc sulfide. The crystal 
on the left is a brilliant red-orange, that on the 
right is the familiar clear white. These crystals 
were grown in the laboratories of the American Zinc 


Company of Illinois by reaction of zinc vapor with - Photograph, courtesy of Professor 


oxygen. 


Walter J. Moore, Indiana University. 


Spectrographic analyses show that neither the red-orange nor the white crystals contain more 
than a few parts per million of metallic impurities. However, the red-orange crystals contain 
about 0.03% zinc in excess over the stoichiometric quantity for ZnO. The red-orange color is 
bleached on heating the crystals in oxygen, but can be restored by heating in zinc vapor. It is 
believed that most of the excess zinc occupies interstitial sites in the zinc oxide crystal structure. 


References: BoGNER, G., AnD MoL.wo, E., J. Phys. Chem. Solids 6, 136 (1958). 
Moore, W. J., anp Wiiu1aMs, E. L., Disc. Faraday Soc. 28, 86 (1959). 
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0.: subject is concerned with the 
properties in the solid state of metallic oxides and 
sulfides. The story begins with one of the most famous 
controversies in the history of chemistry. In 1799, 
Claude Louis Berthollet (Fig. 1) joined Napoleon’s 
expedition to Egypt as one of the scientific advisors. 
While there he studied the deposits of sodium carbonate 
along the shores of the salt lakes and became interested 
. in the chemical reactions that could lead to such de- 
posits. He concluded that the important reaction was 


NaCl + CaCO; Na,CO; + CaCh 


Under ordinary laboratory conditions this reaction 
proceeds from right to left with the precipitation of 
CaCO;. However, Berthollet suggested that the 
large excess of NaCl in the evaporating brines might 
displace the equilibrium to the right. This idea was 
one of the first statements that concentration could 
affect the position of a chemical equilibrium. 


Figure 1. Claude Louis Berthollet, 1748-1822. (Photograph courtesy of 
Professor J. Benard, University of Paris.) 


Berthollet expanded this idea in his famous book 
“Essai de Statique Chimique”’ published in 1803. He 


Presented as part of the Symposium on Chemistry of the Solid 
State before the Division of Chemical Education at the 138th 
Meeting of the ACS, New York, September, 1960. 
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Diffusion in Solids and the 
Gaseous Corrosion of Metals 


failed to distinguish clearly between the composition 
of individual compounds entering into the reaction 
and the composition of the reaction mixture. A key 
example was zinc oxide; he prepared it in various ways, 
and found widely varying ratios of zinc to oxygen. 

Berthollet was an imaginative chemical theorist 
but he was not a first class analyst. On the other hand, 
Joseph Proust, perhaps the finest analyst of his day, 
was then working in Spain in a splendidly equipped 
laboratory (all the utensils were made of platinum). 
Whenever Berthollet reported a compound departing 
from normal stoichiometry, Proust carefully repeated 
the work and showed that in fact the proportions of the 
elements were perfectly normal. Thus Proust won 
an undisputed victory in the controversy and the Law 
of Definite Proportions became firmly established. 
As a result, John Dalton was able to rely on this law 
when he formulated his atomic theory in 1808. 

It is therefore ironical to relate that through his 
mistakes Berthollet won an immortal niche in the 
chemical nomenclature. His imaginative approach 
to chemical stoichiometry was eventually proved to be 
correct. There are many compounds, especially among 
crystalline inorganic solids such as metallic oxides and 
sulfides, which do not follow the Law of Definite Pro- 
portions. We now call these compounds berthollides 
to distinguish them from the daltonides which have a 
definite simple stoichiometric composition. Solid state 
chemistry to a considerable extent is the chemistry of 
the berthollides. 

Zinc oxide crystals can be prepared with colors from 
pure white to deep red. The white crystals have a 
Zin/O ratio of almost exactly unity. The red crystals 
contain about 300 ppm excess zinc. We might note 
that this excess of zinc is about 100 times lower than 
that cited by Berthollet, but nevertheless we must 
admit that zinc oxide is a typical berthollide and many 
of its most interesting properties depend on this de- 
parture from stoichiometry. 


Point Defects and Diffusion in Solids 


We shall now make a considerable jump in the 
historical development of the subject and come to the 
question of the structure of these nonstoichiometric 
or berthollide solids. This question arose, it would 
seem, from an interest in the movements of atoms 
within solids. In 1896 a striking early observation 
was made by Roberts-Austen in his paper on diffusion 
of gold in lead. He showed that at 300°C gold would 
diffuse in lead faster than sodium chloride would diffuse 
through water at 15°C. As the development of 
X-ray crystallography revealed more about the ordered 
structure of solids, it became more and more difficult 


a 
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to understand how atoms in metals, or ions in alkali 
halides, could diffuse so readily if, in fact, the elemen- 
tary diffusion reaction demanded that one atom must 
change place with a neighbor in a rigid array in the 
solid. On the experimental side the application of 
radioactive tracers to diffusion studies, originally made 
by von Hevesy, led to an outpouring of experimental 
data. 

New mechanisms for diffusion were finally suggested 
by the Russian, Frenkel, in 1926, and by the German, 
Schottky, in 1930. These were the first exact models 
for what are now called point-defects in crystals. The 
Frenkel defect is shown in Figure 1(a) of the paper by 
H. Etzel in this symposium (see page 225), as originally 
proposed for silver chloride. It consists of an Agt 
ion that has left its lattice site and moved to an inter- 
stitial position. The Frenkel defect consists of the 
vacancy plus the interstitial. The Schottky defect 
is shown in Figure 1(b) of the paper by Etzel, as in 
the case of sodium chloride. It consists of a pair of 
vacancies of opposite sign. These defects are called 
intrinsic defects. They do not alter the exact stoichi- 
ometry of the crystal, but they provide a facile mecha- 
nism by which atoms can move within the crystal. It 
is much easier for an atom to move from an occupied 
site into a vacancy than it would be for two atoms in 
occupied sites to change places directly. 

We can calculate the concentration of such defects 
from simple statistical considerations. It costs an 
energy E to make a defect but we gain entropy S due 
to the disorder associated with the entropy of mixing 
of the defects with the normal lattice sites. If  im- 
perfections are distributed among the total of N crystal 


sites, the entropy of mixing is 
S=kinN!I/(N —n)! nl 


If EZ is the increase in energy per defect and if we neglect 
contributions to the energy caused by changes in 
vibration frequencies in the neighborhood of the de- 
fect, we can write for the change in the Helmholtz free 


energy 
AA = AE — TAS 
A = nE — kT in NI/(N — n)!n! 
At equilibrium, 
dA/dn = 0 


Applying the Stirling formula, (In X¥!/ = X In X — X), 


we find, 
In [n/(N — n)] = —E/kT 
And thus if n << N, 
n = 
As an example, if Z is about 1 ev and T is 1000°K 
n/N ~ 1075 ; 


For a pair of vacancies the expression for the number 
of ways forming the defect is squared and we get finally, 
for the Schottky defects, 


n = 
For Frenkel defects, 
n = 


where N’ is the number of interstitial sites available. 


An important experimental proof that defects are in 
fact responsible for diffusion in solids was provided in 
1946 by the experiment of Smigelskas and Kirkendall. 
A similar experiment had previously been done on 
diffusion in iron oxides by Pfeil in 1929. In the classical 
mechanism of diffusion, two particles exchange sites 
by a sort of rotatory process. In a binary system, 
therefore, the diffusion of component A is always coupled 
with an inverse diffusion of component B. There is 
in fact only one diffusion coefficient, the interdiffusion 
coefficient D,,. On the other hand, if diffusion 
proceeds by motion of an atom into a vacancy or by 
some other defect mechanism, it is possible for one 
component to diffuse at a different rate from the 
second component. Of course, this difference in 
diffusive flow will need to be compensated by some 
over-all mass motion in the specimen. 

The experiment of Kirkendall is shown in Figure 2. 
The original location of the interface between blocks 
of copper and of brass was marked by imbedding fine 
molybdenum wires. After the diffusion anneal it was 
found that the markers had moved inward toward the 
brass. The motion of the inert markers clearly indi- 
cated that the zinc was diffusing out of the brass more 
rapidly than the copper was diffusing into it. 


a Bross 


Copper 


Figure 2. The experiment of Smigelskas and Kirkendall, 


Nonstoichiometric Defects 


In 1930, Wagner and Schottky applied the models 
of defect structures to nonstoichiometric compounds 
of the berthollide type. We can take two compounds 
as typical, zine oxide and nickel oxide. 

The structure of ZnO is shown in Figure 3. When 
heated in a reducing atmosphere or in zine vapor, it 
acquires a stoichiometric excess of zinc, of the order 
of 0.03%. We do not know exactly where this zinc 
is accommodated, but it is commonly assumed that it 


Figure 3. Structure of zinc oxide showing excess zinc at tetrahedral 
and octahedral interstitial sites. 


Volume 38, Number 5, May 1961 / 233 


ion 
ion 
cey 
ys, 
rist 
nd, 
ay, 
m). 
ing 
ted 
the 
yon 
aw 
ed. 
law 
his 
: 
the NY 
be KES Molybdenum Wires 
ind 
des | 
ate 
j of 
ote 
1an = 
ust 
iny 
de- 
& 
the f 
the 
uld 
ion 
ion 
red 
| 


enters interstitial positions. Two. such interstitial 
sites in zinc oxide occupied by excess zinc atoms are 
shown. In one, the excess zinc atom is surrounded 
octahedrally by six oxygen atoms. In the other it is 
surrounded tetrahedrally by four oxygen atoms. We 
cannot say which of these sites will be energetically 
preferred, but both of them seem to be sites of relatively 
low energy in the crystal. 

The case of nickel oxide is typical of the departure 
from stoichiometry in which the structure contains an 
excess of oxygen. This excess is believed to enter 
mainly as vacancies in the cation sites, according 
to an equation which can be written 


1/2 O2 + 2 Nit? O-? + 2 Nit® + 


For each vacant Nit? site, two Nit** ions are formed. 
In this way the over-all neutrality of charge is pre- 
served. 

We can now begin to:_ ‘ty the solid state chemistry 
of these compounds may be :omplicated. At moder- 
ately elevated temperature both intrinsic defects and 
nonstoichiometric defects can occur in the same crystal. 
Also we must consider the possibility that several 
kinds of nonstoichiometric defect can occur at the 
same time. For example, the excess zinc in zinc oxide 
may be partially associated with interstitial zinc and 
partly with vacancies at the oxygen sites. 


The Interdiffusion Coefficient 


If both the diffusion coefficients can be measured 
by tracers in a binary system, we can calculate the 
interdiffusion coefficient from the individual partial 
coefficients. An excellent analysis of this problem 
has recently been given by Brebrick (1). Consider a 
binary solid in which the departure from stoichiometry 
is A (the difference in cation and anion concentrations, 
_N, — Then the interdiffusion coefficient D, 
measures the flow of the deviation from stoichiometry. 
For example, if we place copper(I) oxide previously 
annealed in vacuum into an atmosphere of oxygen, the 
crystal will take up extra oxygen. The rate of this 
uptake is governed by the interdiffusion coefficient 
D,, which is related as follows to the individual’ tracer 
diffusion coefficients D,* and D,* for A and C: 


a 


Figure 4. The structure of Fe7Ss, showing layers of iron atoms only. 
The white circles indicate vacant iron sites. (After Condit and Birchenall (6).) 
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ln am 
dA 


Da = + = N(Da* + De*) 


where N is the number per cc of either cation or anion 
sites, um is the chemical potential, and a,, the activity 
of the metallic component. For vacancy defects, 
N(d In a,,/dA) is of the order of the reciprocal of V¢ the 
total vacancy fraction, i.e., 10? to 10° Therefore 
D, can exceed D, by about this factor. 

In case the nonstoichiometrie vacancies greatly 
exceed the Schottky vacancies the relation reduces to 
2 De*N 

Ve 


At 1000°C and Po, = 10 mm, N/V, ~ 10%. Thus the 
interdiffusion coefficient is about 2000 times the dif- 
fusion coefficient of Cut ions. 


Da = 


Recent Results of Defect Structure Studies 


The models suggested for the point imperfections 
in crystals always seemed reasonable enough, but we 
could never be sure that we had an unequivocal 
description of the defect structure. The evidence 
was usually indirect, based on interpretation of dif- 
fusion coefficients, conductivities, densities, and lattice 
parameters. In the case of the alkali halides, the 
study of the various optical centers by means of electron 
paramagnetic resonance and nuclear magnetic reso- 
nance often revealed unexpected structures, which 
required considerable revisions of the earlier simple 
models. So far only a few such studies have been 
made with oxides und the results as yet are in a stage 
of preliminary analysis. 

An important new experimental approach has been 
the use of neutron diffraction. Roth (2) has studied 
the defect structures of iron(II) and nickel(II) oxides 
by this method. His results indicate that not all the 
defects caused by excess oxygen are cation vacancies. 
In FeO systems with Fe/O ratios of 0.945 and 0.926, 
about 88% of the cation sites were occupied and there 
was one interstitial iron atom for every two vacancies. 

Theoretical calculations indicate that the simple 
interstitial atom is not likely to occur in a close packed 
structure. Instead the energy seems to favor a defect 
called a split interstitial. Consider an atom in a face- 
centered position. If we introduce next to it an inter- 
stitial, the face-centered atom can move away, thus 
forming a pair of atoms with the center of mass at the 
face center. 

In some cases, the vacancies or interstitials may 
form an ordered superlattice. The structure of FeS; 
below the Néel temperature! of 320°C is shown in 
Figure 4 as determined by Bertant (3). 


Measurement of Diffusion Coefficients 


The differential equation governing diffusion in one 
dimension is 


where c is the concentration of the diffusing species, ¢ 
is the time, and z is the distance. In case the diffusion 


1 Antiferromagnetic substances display a maximum in the 
susceptibility versus temperature curve at the Néel temperature 
T.. Below this temperature the spins lock in with antiparallel 
orientations. 
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coefficient D is a constant, independent of z, the equa- 
tion becomes 


Oc 
at 
There are many useful solutions of this equation 
depending upon the particular initial and boundary 
conditions of the problem. One of the methods most 
commonly used to measure D is to prepare a slab of 
the solid substance, coat it with a thin layer containing 
the radioactive tracer which we wish to follow, and 
then submit the specimen to an anneal for a measured 
time ¢ at a fixed temperature 7. For example, to 
measure the diffusion of silver in silver sulfide, we 
coated the surface of the specimen with a thin layer 
of AgS containing the tracer ‘Ag. The diffusing 
species, in this case, follows a simple Gaussian distribu- 
tion, 
c/ey = (Dt)~*/s 


where c/co is the fraction of the original activity per 
unit thickness (e.g., 1 ~) at a depth xz. The specimen 
is sliced or ground away and the c/cy is measured ex- 
perimentally as a function of z. 

If we take the logarithm of both sides of the equa- 
tion, we find 


In c/eo = In (xDt) — x?/4Dt 


Thus if we plot ln (c/co) against x?, this solution pre- 
dicts a straight line whose slope is —(4Dt)—'. An ex- 
ample from the work with AgS is shown in Figure 5. 
The slope yields a value D = 1.23 K 10-* cm? sec at 
283°C. This is an extraordinarily high D. It is 
about equal to the D that we calculate for silver atoms 


in a gas at the same density. 


Penetration, mm. 
1.5 


log activity. 


to 


Figure 5. A typical “diffusion profile” for the case of diffusion of Ag 
into cubic AgeS. 


One other method will be mentioned since it is 
widely useful, especially for diffusing species for which 
we do not have a suitable radioactive isotope. A 
sample of the solid, which may be either a single piece 
of regular shape or a collection of pieces having the 
same size and shape, is exposed to gas or solution con- 
taining the tracer. An example is our work with the 
diffusion of oxygen in oxides (4). Im the case of 
copper(I) oxides, strips of polycrystalline Cu,O were 
exposed to oxygen enriched in the stable isotope “O. 
The volume of the gas is fixed. As the O diffuses 
into the Cu,0, there is an exchange between the oxygen 


atoms in the gas and those in the solid. The con- 
centration of '*O in the gas gradually decreases. An 
example of such an exchange run is shown in Figure 6. 

The appropriate solution to the diffusion equation is 


2a(1 + a) 
+ + exp (— Dgn%/z*) 
This gives the total amount M, of tracer in the solid 
at time ¢t. The parameter a = n,/n;, where the n’s 
are the number of moles of oxygen in the gas and in the 
solid. The q»’s are the nonzero positive roots of tan 
q + aq = 0. By straightforward computational 
methods, we can evaluate D from the change in isotope 
concentration in the gas as measured with a® mass 
spectrometer. 


50 
Hours, 


Figure 6. The exchange of '8O in O2 with 'O in crystals of CuO. A, 
background of mullite tube; B, C, D, and E, 970-1100°C.  R is the ratio 
189 


One difficulty with the study of oxygen diffusion by 
this method is that most high temperature ceramics 
are made of oxides, so that there is a possibility of 
exchange between the gas and the walls of the con- 
tainer. We used platinum tubes to eliminate this 
difficulty, but they begin to fail at about 1400°C. 
In the experiments of Kingery (5), an internal heater 
was used so that only the oxide crystals were heated 
while the ceramic walls of the container were cooled. 


Some Diffusion Coefficients in Oxides and Sulfides 


It is convenient to tabulate diffusion coefficients in 
terms of the formulation of the transition state theory. 
Wynne-Jones and Eyring originally applied this to the 
diffusion problem. They obtained for the diffusion 
coefficient the expression 


D = a? exp (ASt/R) exp (— AH?/RT) 


where k and h are the Boltzmann and Planck constants, 
a is the jump distance in an elementary diffusion step, 
and AS? and AH? are the entropy and heat of activa- 
tion. Some of the available data are collected in Table 
1. 

Some cases in which the diffusion of both constituents 
of a solid binary compound have been measured are 
shown in the table. In these cases the metal diffuses 
more rapidly than the oxygen or sulfur. This is 
certainly not an invariable rule. It just happens that 
we do not yet have good data for the opposite situation. 
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Table 1. Diffusion Coefficients Measured by Indiana Solid 


State Group 
Temperature AHt ASt 
System range, °C kcal/mole cal/deg mole 
Cu-Cu,0 800-1050 34.0 1.0 
O-Cu,0 1000-1130 38.0 — 5.0 
Zn-ZnO 1000-1200 45.0 —10.0 
O-ZnO 1100-1400 162.0 59.0 
Ni-NiO 1000-1400 43.0 — 8.0 
O-NiO 1100-1500 51.0 —17.5 
Mg-MgO 1400-1600 75.5 2.0 
Ag-AgeS (a) 180— 400 3.2 — 0.7 
Ag-Ag.S (8) 100- 175 9.5 0.1 


In oxides such as TiO,, UO2, ThOr, it is likely that the 
oxygen diffuses more rapidly than the metal. 

We must admit that in none of the systems cited in 
the table, do we know for certain the mechanism for 
the diffusion. Fer the oxides of nickel, copper, cobalt, 
and other oxides containing excess oxygen, the almost 
universal belief is that diffusion occurs by way of 
vacancies at the metal sites. Conclusive proof that 
this is so is not yet available. 

When diffusion occurs by a defect mechanism, we 
can in certain cases formulate the diffusion coefficient as 


D = fD;X; 


where D, is the diffusion coefficient for the defect and 
X;, is the fraction of defects. We saw before how this 
was a special case of equations for D, given by Wagner 
and Brebrick. The f is a correlation fuctor, which arises 
because individual jumps of a diffusing tracer atom 
are not completely independent. For example, if a 
tracer atom jumps into a vacancy, the most likely 
next jump is right back into the vacancy it has left 
behind it. 
It follows (from the fact that the diffusion coefficient 
is the product of a defect concentration and a defect 
mobility) that the activation entropy and energy for 
diffusion via defects are also composite quantities. 
They may be written as follows: 


ASt = AS° + AS;t- 
AHt = AH° + 


Here AH° and AS°® are purely thermodynamic quanti- 
ties, the heat and entropy of formation of defects. 
AH;* and AS,* are kinetic quantities, the heat and 
entropy of activation for the mobility of a defect. 

The three important mechanisms which need to be 
considered in oxides and sulfides are diffusion via 
vacancies and two different interstitial mechanisms. 
The direct interstitial mechanism consists of a jump 
of the tracer atom from one interstitial site to the 
next with occasionally an exchange between the inter- 
stitial atom and an atom in a normal lattice site. 
The indirect interstitial mechanism, also called the 
interstitialey mechanism, consists of a migration in 
which an interstitial atom displaces a normal atom, 
pushing it into another interstitial site. We might 
call this a “bimolecular mechanism” whereas the or- 
dinary interstitial mechanism is more like a “uni- 
molecular mechanism.” 

In ordinary diffusion in the solid state we expect the 
activation entropy AS? to be close to zero. None of the 
diffusion mechanisms that we have mentioned would 
lead to an appreciable AS* for the defect mobility. 
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The small negative AS* sometimes observed for cation 
diffusion by the vacancy mechanism is believed to be 
due to the loss in entropy when gaseous oxygen dis- 
solves in a solid oxide to produce cation vacancies. 
What are we to think of an enormous positive entropy 
such as that reported for diffusion of oxygen in ZnO? 
This is not an isolated instance. Condit and Bir- 
chenall (6) have reported AH* = 240 kcal, AS* ~ 
150 cal deg-! mole-', for diffusion of sulfur in FeS. 
Similar enormous values of both AH* and AS* were 
found by Reddington (7) for diffusion of barium in 
BaO. All these studies were done with single crystals. 
It is likely that some of the following factors are in- 
volved: 

(a) Diffusion along dislocations. 

(b) Diffusion steps with a long mean free path. 

(c) Diffusion steps that create an extended region of 
disorder, a sort of cooperative melting over 40 or 50 
atoms in the crystal. 


Determination of Correlation Factors 


We can determine the correlation factor f in crystals 
in which the diffusing particle is an ion, if we can also 


~ measure the partial ionic conductivity in the crystal. 


Such a determination demands an unusually careful 
measurement of the radioactive diffusion coefficient 
D* and the partial ionic conductivity o; These are 
related by the equation of Nernst and Einstein, 


D* = fkT'o/q?n 


where gq is the charge of the diffusing species and n 
is the concentration of the ionic carriers. Notice 
that when we measure o, the current carriers are in- 
distinguishable from the particles of the same species 
in the crystal structure. On the other hand, when we 
measure D*, the diffusing particles are distinguished 
from most of the particles of the same species in the 
structure by the fact that they differ slightly in mass 
number. It is this distinguishability that leads to a 
correlation factor f, which differs from unity for some 
diffusion mechanisms. Note that if the diffusing 
species does not bear the charge g, the Nernst-Einstein 
relation will fail. 

It may be mentioned that diffusion coefficients de- 
termined by resonance methods, or by methods based 
on internal friction or dielectric loss, will not include 
the correlation factor. We could therefore also 
compare D’s obtained in such a way with radioactive 
D’s to calculate the f. 

The computed correlation factors for different dif- 
fusion mechanisms are given in Table 2. It is evident 
that careful measurements of f will allow us to dis- 
tinguish between mechanisms in a sensitive way, but 
it must be admitted that the experimental accuracy 
required has seldom been achieved in practice. Never- 
theless this is the line which is most promising for 
further work. 

One successful application of the correlation factor 
was in the case of silver bromide. Measurements of 
Dag+ and of os,+ by Miller and Maurer (8), and by 
Friauf (9), yielded a value of f = 0.40, in good agree- 
ment with that expected for the inéerstitialcy mecha- 
nism. When the crystals were doped with Cd*? ions to 
introduce vacancies at Ag* sites, the f became that of 
the vacancy mechanism. 
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Table 2. Computed Correlation Factors for Defect 
Mechanisms of Diffusion 


Mechanism f—factor 
Vacancy, diamond 0.50 
Vacancy, f. c. 0.78 
Vacancy, b. c. c. 0.72 
Interstitial 1.00 
Interstitialey 0.33 
Ag* in cubic Ag.S 0.50 


Another recent example is found in the comparison 
of the D,,+ for silver in cubic silver sulfide measured 
by Allen in our laboratory (10) and the o,,+ measured 
by Rickert at Gé6ttingen (1/1). The arrangement 
used to measure ¢ is shown in’ Figure 7. The results 
yield f = 0.33, which is somewhat lower than the f = 
0.50 predicted for the Ag2S structure. 


Gewicht 1kg 


Figure 7. The experiment of Rickert for measurement of aag+ in AgoS. 
Ag] conducts only via Ag* ions, so that the layer of Agl limits the carriers of 
current in AgpS also to Ag * ions. 


Theory of Corrosion Reactions 


If an attacking reagent forms a coherent layer of 
product on the surface of a metal, the subsequent 
reaction will often depend on the diffusion of reactants 
through the solid product layer. The theory for this 
kind of diffusion-controlled reaction was worked out 
in 1933 by Carl Wagner (/2). Several excellent ex- 
perimental checks have given us confidence that the 
Wagner formulation is essentially correct. 

Let us consider a simplified case in which only the 
metal atoms are mobile. This case would apply well 
in practice to the oxidation of nickel and zinc, the 
oxidation of copper to copper(I) oxide, and the sulfida- 
tion of silver. To take a special example we shall 
consider the sulfidation of silver at about 177°C to 
form Ag,S. 

The parabolic rate constant is defined as ko in 


dy/dt = ko/y 


where y is the thickness of the sulfide layer. The 
units of kp are usually cm? sec—. 

Wagner uses a rational rate constant, k,, in equiva- 
lents sec~!. Thus 


ky = Cagt ko 


where ca,+ is the concentration of silver in the Ag.S 
layer, in equivalents per cm‘. 


The case of silver sulfide is particularly suitable for a 
good test of the theory since the diffusion of Ag in 
AgeS is not affected appreciably by differences in 
stoichiometry. Thus Da, and ox,+ can be taken as 
constants across the growing sulfide layer. For this 
case, integration of the equation of Brebrick yields, 


Here w°xa, is the chemical potential of Ag in AgS in 
equilibrium with Ag, and y*,, is the chemical potential 
of Ag in Ag»S in equilibrium with sulfur. The dif- 
ference u°ag — u*ae is Simply the affinity of the sulfida- 
tion reaction. Note that if the radioactive diffusion 
coefficient is used to calculate the parabolic rate con- 
stant, the appropriate correlation factor must be in- 
cluded. 

Recently Rickert in Wagner’s laboratory in Géttin- 
gen has made some accurate new measurements of 
k, and oxg+ for the AgsS system. His experimental 
arrangement is shown in Figure 8. By the clever 
device of imposing a weight on the system as shown, 
he kept the silver sulfide and the underlying silver 
always in tight contact. Thus as silver diffused 
outward through the silver sulfide, the vacancies and 
void spaces that were left behind at the silver sulfide- 
silver interface were kept filled by the inward motion 
of the silver-sulfide rod. By means of a Ag/AglI 
electrode he also made a continuous measurement of 
the potential difference at the interface. In the early 
stages of the reaction there was an appreciable potential 
difference here, so that the equilibrium criterion was not 
fulfilled. As the silver sulfide layer became thicker, 
however, the potential difference across the Ag/Ag.S 
interface dropped to virtually zero, and under these 
conditions it was safe to apply the Wagner formulation 
for the rate constant. The measured rational rate 


Figure 8. The experiment of Rickert to measure the rate of growth of 
Ag2S on Ag while testing experimentally for the existence of equilibrium 
conditions at the interfaces. 


constant at 400°C was k, = 14.4 X 10-* equivalent 
em~! sec—!. Rickert also measured the partial ionic 
conductivity of Ag+ ions in silver sulfide and computed 
from it a rate constant of k, = 15.0 X 10~* equivalent 
em~! sec~!. This is one of the best proofs of the 
correctness of the Wagner formulation, and is one of 
the best examples of a chemical reaction rate which 
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fulfills the requirements of irreversible thermodynamics 
in that the rate is proportional to the affinity of the 
reaction. 
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This paper will provide an outline of the 

present state of semiconductor research, and suggest 
a number of future trends. The topics to be discussed 
will be divided into: physics of semiconductors, ma- 
terials research, device research, and systems research. 
Because of the limitations of space, it will be impos- 
sible to define and describe all the terms used in the 
paper; it will be assumed that the reader has a fa- 
miliarity with the semiconductor field and its basic 
‘terms (1-4). We shall only comment that semicon- 
ductors are crystalline materials having generally a 
low conductivity that is highly sensitive to light, tem- 
perature, and to impurities in the crystal. Because of 
these properties semiconductors have become the test- 
ing ground for important theories in solid-state physics, 
and semiconducting devices are becoming so important 
commercially that they dominate the whole field of 
electronics. 

Generally speaking, semiconductor research in the 

true sense began with the application of quantum 
theory to the solid state through the studies of Heisen- 
berg, Sommerfeld, Fermi, and others in 1928; the 
specific application to semiconductors and the energy 
level picture was made by Wilson in 1930. An even 
greater stimulus to research was given by the invention 
of the transistor in 1948. Because of the tremendous 
. practical importance of the electrical properties of 
semiconductors, theory and practice have always gone 
hand in hand in this field. 

Although much has been learned in the past about 
the physics of semiconductors, new developments are 
still coming thick and fast and in the materials area, 
there is still tremendous need for progress. For many 
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Recent Developments in Semiconductors 


applications and to observe many interesting properties, 
semiconductors must be prepared with a purity and a 
structural perfection greatly exceeding that attainable 
in other materials. To produce transistor action, for 
example, silicon and germanium purer and more per- 
fect than any other known materials are regularly being 
manufactured for commercial production. 


There are literally thousands of semiconducting 
compounds possible, among both the inorganic and the 
organic compounds, but only a handful have been 
prepared with any degree of purity and perfection. 
The proper degree of understanding of the structure, 
the quantum mechanical band properties, and the 
nature of interactions between the various basic par- 
ticles in a given material is a tremendously difficult 
objective to attain. Even with silicon and germanium 
we have only approached this level; we have not 
realized their full possibilities. Thus the surmounting 
of these problems forms a great challenge to the field 
of semiconductor research and, in fact, to the whole 
fields of physics and chemistry. We can truly say 
that this field remains, relatively speaking, in its in- 
fancy. 


In addition, the growing importance of semicon- 
ductor devices is leading to even more challenging 
problems of fabrication to produce better, cheaper, and 
more reliable devices. The problems of miniaturiza- 
tion and multiplexing of devices have already challenged 
our knowledge of fabrication techniques and our know]l- 
edge of the materials themselves to an extent that will 
keep research men in this field busy for years. 


As sophistication grows in this field, ‘molecular 
engineering” looms over the horizon as the ultimate 
challenge in this field, fusing the problems of materials 
fabrication, device research, and systems design into a 
single integrated problem. 
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Physical Research on Semiconductors 


It is an interesting fact that most of the basic phenom- 
ena of semiconductors were known by 1932, and in- 
deed, practically all of the basic particles of solids 
had been defined and discovered by that time: 


Electrons. 

Positive holes, i.e., empty levels in the band of energy levels 
normally filled by electrons. Electrons and holes are the basic 
electrical carriers in semiconductors. 

Phonons, or the “particles’’ of lattice vibration. 

Photons, or the particles of electromagnetic energy. 

Excitons, or coupled electron-hole pairs, similar, in a way, to 
hydrogen atoms. 

Polarons, or electrons accompanied by a strain field in the 
lattice. 


Even though these particles are ‘old’ we are still 
learning much about them. 

The theory of atomic structure, of the formation and 
interaction of these particles, and the experimental 
catalogue of the interactions of these particles forms to 
a great extent the subject of the physics of semicon- 
ductors. 

The conventional theory of semiconductors has been 
primarily established for perfect crystals with few 
if any disorders or imperfections, in spite of the fact 
that it is extremely difficult to produce such perfection. 
On the other hand, the existence of ‘amorphous” 
semiconductors such as liquid selenium, and other 
melted semiconductors, is causing a redirection of at- 
tention to the very imperfect semiconductors. This 
tendency could lead to a revision of the basis of semi- 
conductor research and will undoubtedly be an active 
field for many years. It is a development being led by 
the Soviet scientists associated with the late A. F. Joffe. 

On the other hand, the band theory for perfect crys- 
tals also has some drawbacks because of the simplify- 
ing assumptions which had to be made in it to simplify 
the mathematics. Efforts are continuing on the task 
of producing a better band theory so as to increase our 
understanding of silicon, germanium, and the other 
nearly-perfect semiconductors. 

Among the materials about which new band struc- 
ture results are appearing are gallium arsenide, bis- 
muth telluride, graphite, and tellurium. Regarding 
the latter, it appears that the long history of the mys- 
terious double reversal of the Hall effect of tellurium 
(dating back at least to 1934) can now be explained 
in terms of two types of holes in the material and in 
terms of the variations in their properties with tem- 
perature, leading first to n-type Hall effects then a 
reversal baek to p-type. 

High-pressure studies are being particularly useful 
in these new programs for bringing out general features 
of the band structure. Most materials, such as ger- 
manium, have a complicated structure in both con- 
duction and valence bands which is seen only dimly 
in ordinary transport experiments. A new technique 
is needed to bring the structure out. High-pressure, 
by altering the interatomic spacings, can alter relatively 
to each other the effects of the various crystal directions. 
Results based partly upon such studies and partly on 
quantum mechanical calculations for gallium arsenide 
indicate that the conduction band minimum is at the 
center of the zone (000) and that there are also el- 
lipsoids oriented along the (100) axes, as in the case 


of silicon but higher by 0.38 in energy than the min- 
imum at (000). These same theoretical results in- 
dicate that longitudinal optical lattice vibrations are 
responsible for the electrical resistivity and mean free 
path of gallium arsenide at high temperatures. 

Among the many important semiconductors about 
which very little is known in terms of band structure 
are silicon carbide, copper(I) oxide, zine sulfide, cad- 
mium sulfide, lead telluride, and lead sulfide. There 
remains a tremendous amount of work ahead in the 
sophisticated study of these materials. 

Properties of electrons and holes have been thoroughly 
studied since the days of the transistor, including 
studies of conductivity, Hall effect, magnetoresistance, 
thermoelectric effects, rectification, transistor proper- 
ties, and others. The interaction effects mentioned 
above are typified by scattering phenomena, such as 
the problem of mean free path, the distance an elec- 
tron can travel through the solid crystal without being 
deflected by a phonon, or lattice vibration. Other 
interaction phenomena include photoconductivity, 
which is caused by absorption of light to form elec- 
trons and holes, thereby leading to electrical con- 
ductivity. 

Among the studies of greatest interest at the present 
time are those on the “exciton.” This is the particle 
representing the bound coupling of an electron and a 
hole. Although its existence was in doubt for many 
years after its prediction in 1932, recent studies on 
photoelectric emission, secondary emission, and photon 
absorption and photoconductivity have confirmed that 
the exciton exists. The trend in this field will be for 
the further study of .excitons in germanium, silicon, 
indium antimonide, cadmium sulfide, and other ma- 
terials. No practical applications of the exciton are 
known. Its effects are seen, however, in thermoelec- 
tric and optical properties. 

The interaction of magnetic fields with the energy 
levels in solids and with the moving particles in solids 
continues to be an active area of research. Just as in 
the early days of spectroscopy the establishment of 
the basic energy levels of the atoms was followed by 
the study of such effects as the Zeeman effect (that is, 
the disturbance of the energy levels by a magnetic 
field), so similar developments are occurring now in 
semiconductors. These include “cyclotron resonance,”’ 
the magneto-optical effects, and other related effects 
on which much work is being done at the present time. 
This work is stimulating the establishment of new 
facilities for production of steady magnetic fields in the 
range of 100,000 gauss to 1 million gauss, as well as 
of pulsed magnetic fields of even greater magnitude. 
Such a facility is now being planned at MIT which will 
stimulate high-field research on semiconductors. 

Interest in high-frequency applications such as the 
transistor and the tunnel diode, to be discussed later, 
are leading to increased study of both the high-frequency 
microwave properties and of the far-infrared properties 
of semiconductors such as silicon and germanium. 
Although transistors until recently were limited in 
frequency ranges, the upper limit is now at 1000 
megacycle/sec or higher, even in commercial units. 
Microwave studies of semiconductor properties are 
now being made up to about 100,000 megacycle/sec. 
Infrared spectrometers operating at 100-1000 microns, 
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a wavelength region not used for research until very 
recently, are now being used more widely. These 
studies are adding greatly to our knowledge of the 
structure of the levels introduced by isolated impurity 
atoms in crystals. For most semiconductors, these 
deliberately added impurities determine the important 
properties of the semiconductor. 

A brief list of other important areas in which new 
results can be expected for some time to come includes 
the following: 

(1) Studies of highly impure semiconductors are just 
beginning to come into their own, because in the past 
we needed to understand pure semiconductors before 
we had the insight and perspective to understand the 
very impure ones. These “semimetals” include bis- 
muth, gray tin, lead sulfide, some ferrites, and highly 
doped semiconductors of many types, including silicon 
and germanium. 

(2) The surface properties of semiconductors are 
reasonably well understood for some materials, but 
many problems remain. These problems are still 
extremely important for determining the reliability 
of important semiconducwor devices. Understanding 
of semiconductors has great importance as well for 
many associated fields, such as heterogeneous catalysis. 

(3) Low temperature studies are of great interest, 
particularly for understanding of the phonons and other 
lattice properties. Especially for space applications 
and computing systems, low-temperature phenomena 
in semiconductors have considerable practical implica- 
tions. 


Materials Research 


Semiconductor research has to a great extent made 
progress after the development of materials having 
new stages of refinement and purity. Transistor action, 
for example, is impossible in the grade of germanium 

‘available before World War II. 

Such improvements in materials depended upon 
many factors, including the development of methods 
of containing and refining. Progress on silicon, for 
example, was greatly advanced by the development of 
the ‘‘floating-zone” method in which the material was 
held in a “skin” formed by its own surface tension. 

At the present time the problems of producing ger- 
manium and silicon are to a great extent solved. The 
trend is for the same approaches that were so success- 
ful in these materials to be applied to new materials 
having improved or specialized properties. 

Gallium arsenide, a grayish metallic-looking semi- 
conductor, is one into which much of the effort in 
materials is going at the present time; if efforts are 
successful, within a few years this material may be 
almost as widely applied as silicon and germanium. 
It is particularly suitable for high speed switching 
diodes, for tunnel (Esaki) diodes, and for solar batteries. 
There is a prospect that we may be able to develop 
satisfactory transistors using this material. 

Although germanium and silicon make satisfactory 
transistors, we would still like transistors (a) to have 
higher temperature response, (b) to have higher fre- 
quency response, (c) to be more reliable and, (d) to 
be cheaper. Gallium arsenide promises to be more 
suitable for the first two requirements, although its 
promise is questionable on the last two. 
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Even farther in the future is the development of 
very high temperature transistors, which can in prin- 
ciple be made of semiconductors such as gallium phos- 
phide and silicon carbide. If we could solve our pres- 
ent problems of making these two materials, we could 
probably make good transistors that would operate at 
a red heat. Such transistors would be extremely use- 
ful in space applications, in many military applications, 
and for power applications where high temperature 
performance also is needed. Although much effort 
has gone into gallium phosphide and silicon carbide, 
results have been disappointing and effort is waning. 

Thermoelectric research is one of the materials re- 
search areas in which tremendous efforts are being 
made. This effort is based upon the hypothesis that 
power conversion using thermocouples and refrigera- 
tion, either on a specialized electronic level or for gen- 
eral home and business use, is practical, provided the 
proper materials can be found. In this case no new 
physics or devices are likely to be involved; the search 
is based on the need to improve materials parameters. 

As a result of this effort, numerous combinations of 
the selenides, tellurides, and sulfides of many different 


. elements are being studied with respect to their crit- 


ical properties for these applications, especially ther- 
mal conductivity in the temperature range of impor- 
tance and electrical properties such as mobility and 
thermoelectric power. Some progress is being achieved, 
and under certain circumstances power conversion 
efficiencies of 20% are now possible, as well as 
refrigeration to 70-80° C below room temperature. 
In general, however, power converters using ther- 
moelectricity are actually being made for special pur- 
poses not exceeding 1-2% over-all efficiency. Rare- 
earth sulfides (gadolinium sulfide) show promise. 

In the past few years, the over-all improvement of 
these devices has been slow but steady. It is probably, 
however, going to require a “breakthrough” to a new 
level of performance before widespread commercial 
application is achieved. If such a breakthrough does 
arrive, the commercial power conversion and refrigera- 
tion fields may be subjected to the same kind of 
revolution caused by transistors in the electronics in- 
dustry. To date, such hopes of revolutionary changes 
have not been realized in the thermoelectric field. 

Basic to all improvement in the better materials is 
the understanding of materials imperfections and of 
ways to reduce or eliminate their effects. For the past 
few years attention has concentrated on the disloca- 
tion, a line of imperfections running like a thread 
through many crystals. Some crystals have 10,000 
to 100,000 or more such dislocations through each 
square centimeter. Recent research on silicon and 
germanium has led to production of dislocation-free 
crystals. This has amounted to a major achieve- 
ment in materials research. We are now in a position 
to go ahead and study residual effects due to point 
defects and “prismatic loops.” 


It has long been hoped that organic semiconductors 
would someday join materials such as silicon and ger- 
manium in technological importance. Attention has 
focused on compounds such as copper and magnesium 
phthalocyanine. Recently an interesting new set of 
compounds having higher electronic conductivity than 
any others reported has been announced (45) by workers 
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These ‘“tetracyanoquinodimethans” have an electron 
density of one free electron per molecule, and a resis- 
tivity of the order of 0.2-1000 ohm cm, depending on 
direction. These are thousands of times lower than 
that attained in most other electronically conducting 
organic materials. The electron mobility seems to be 
very low, although no complete data have been pub- 
lished. The thermoelectric power of —100 uv/°C is 
characteristic of a good metallic conductor. 

Further publication of results on these interesting 
new materials will be eagerly awaited by many. 


Device Research 


New devices arise from the discovery of new effects 
in known materials or from use of new effects with 
newly developed materials. The transistor, for ex- 
ample, was made possible by the discovery of a new 
phenomenon, the so-called injection of minority car- 
riers, so that both holes and electrons, rather than a 
single carrier, could be operative in a semiconductor. 

Recent new devices which have altered the picture 
of semiconductor applications are headed by the tunnel 
or Esaki diode (6) and the parametric diode. 

The Esaki diode utilizes an old quantum mechanical 
effect known since 1928, the penetration of high but 
very thin barriers by electrons. It makes possible 
construction of negative resistance diodes with ex- 
tremely high frequency response, up to 3-5 thousand 
megacycle/sec. In structure the Esaki diode is sim- 
ilar to a microwave mixer diode. Such Esaki (or 
tunnel) diodes do not replace transistors or tubes, but 
require utilization in new types of circuits in order to 
be used as amplifiers, oscillators, or switching elements. 

To date, commercial Esaki diode products utilizing 
germanium, silicon, and gallium arsenide have been 
announced. During the next few years it is expected 
that the gallium arsenide type in particular will be 
perfected and incorporated in several specialized 
systems. It is impossible to predict at the present 
time, however, whether these applications will be few 
in number or whether they will result in changing the 
nature of electronics, and affect the role of the transistor. 
They do have some extremely important advantages 
over the transistor besides their frequency capability, 
including less sensitivity to temperature, surface con- 
ditions, and nuclear radiations. Unfortunately, their 
rate of application has not been as rapid as expected, 
primarily because of their low power-handling capabil- 
ities and difficulties in designing them into circuits. 
Some computer designers still retain, however, strong 
faith in the Esaki diode. 

Parametric diodes are point-contact or small-area 
junction diodes; because their capacity depends upon 
the voltage, they permit modulation, mixing, and 
amplification through the intermediate agency of a 
pumping signal of different frequency. 

Such diodes have now been applied in extremely high 
frequency systems and have been shown to give good 
amplification and low noise. Gallium arsenide, sil- 
icon, and germanium all show the basic effects in- 
volved, but gallium arsenide appears to give the best 
frequency response. 


Systems 


The absorption of the transistor and related devices 
into semiconductor and electronic technology is pro- 
ceeding at a rapid rate. The modifications of circuit 
and system design to make use of the peculiar operat- 
ing conditions of the transistor have now extended 
to many commercial and military systems. This 
has led to a proliferation of device types, so that a 
large catalogue is needed to identify these types. 
It is expected that some simplification of models and 
types must follow if replacement and maintenance of 
systems in the field is to be easy, and if designers and 
inventors are not to be handicapped by a welter of 
nearly identical types. The semiconductor industry 
is now operating at the rate of about 400 million dollars 
per year. 

The module concept is increasing in importance, 
both with respect to standard multiples which for 
maintenance purposes can be easily replaced in the 
field, and with respect to the miniaturization process 
which we expect will be an increasingly important as- 
pect of electronic technology. 

Much publicity is being given at the present time 
to systems concepts, sometimes called ‘molecular 
electronics,” involving the incorporation by unit proc- 
esses of a wide variety of devices in a continuous 
system, without connectors or wires, embodying the 
entire function now available only in a wired assembly 
of components. 

The promise is great in these areas but the dif- 
ficulties of achieving such integrated circuit functions 
are such that many years may go by before complete 
systems based on these principles can develop beyond 
the most rudimentary applications. 

At the present time, it appears that integrated com- 
binations of diodes, capacitors, and resistors can be 
made having circuit capabilities. The number of func- 
tions of which they are capable, however, is very limited, 
as in the multivibrator and other circuits similar to it. 
Even if such functions can be utilized in practical sys- 
tems, even in this elementary case, it may be at least 
five years before reliable processes and systems are 
developed. 

Basic research will undoubtedly, sooner or later, 
fill in many of the gaps which at the present time make 
reliable integrated systems impracticable. In any 
case the role of semiconductors in electronic technology 
continues to expand, and even more important de- 
velopments in the future may be expected than we have 
seen in the past. 
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eee is a quite general phe- 
nomenon of light em’ssion in excess of thermal radiation. 
In contrast to the Raman effect, Compton scattering, 
and Cherenkov emission, luminescence involves a time 
delay of emission after excitation which is long com- 
pared to the period of the emitted radiation, \/c 
or approximately 10-" seconds. Luminescent emission 
involves optical transitions between electronic states 
characteristic of the radiating material. The lifetime 
of the emitting state may be as short as 10-* seconds 
or as long as 10—! seconds depending on the nature of 
the electronic transition. In addition, if metastable or 
trapping states are involved, thermal activation may 
be prerequisite to emission and this afterglow or 
phosphorescence may persist for days. Energetic 
electrons, y- or X-rays, ultraviolet radiation, or applied 
electric fields excite luminescence in suitable materials. 
Because the spectrum of each emission band of most 
materials is independent of the nature of the excitation 
and since excitation by ultraviolet radiation involves 
the simplest mechanism of excitation, we shall confine 
this review to photoluminescence. 

Although luminescence occurs in gases, liquids, and 
solids—both inorganic and organic—we shall confine 

.this review to inorganic crystals because of the scope 
and emphasis of thissymposium. We shall not attempt 
to make this review comprehensive but rather shall 
discuss representative inorganic crystals which il- 
lustrate the basic ideas involved in interpreting photo- 
luminescence. 

Chemical impurities and crystalline imperfections 
are the dominant sites for luminescence in inorganic 
crystals. The luminescent sites or activators are 
usually monatomic impurities or imperfections, but in 
some cases they can be diatomic. Many luminescent 
crystals or phosphors belong to the same class of solids 
as do crystals which are semiconducting and photo- 
conducting. In fact, in some phosphors the impurities 
which are responsible for luminescence ure also involved 
in semiconductivity and photoconductivity. 

We shall first consider monatomic impurities in 
alkali halide crystals which have been extensively 
investigated in a tight binding approximation, by 
considering the free ion states of the activator perturbed 
by crystalline interactions. Transition metal activa- 
tors, particularly dipositive and tetrapositive man- 
ganese, are then considered with the aid of crystal 
field theory. More complex phosphors such as the 
calcium halophosphates activated by manganese and 
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The Luminescence of Inorganic Crystals 


antimony are discussed, and finally the binary semi- 
conducting phosphors such as zinc sulfide are considered 
in some detail. 


Monatomic Impurities in Alkali Halides 


Impurities and imperfections in alkali halide crystals 
have been extensively investigated for many years. 
Monopositive thallium substituted at cation sites in 
dilute concentration in potassium chloride probably 
comprises the simplest and most exhaustively inves- 
tigated activator system. Two decades ago, it was 
proposed that states of Tl*+ perturbed by crystalline 
interactions are responsible for the luminescence (1). 
The activator system was identified as Tl+ substituted 
at Kt sites, as illustrated in Figure 1. The principal 
excitation and emission bands were attributed to 
transitions between the !S ground state with the 6s? 
configuration to perturbed *P,° and 'P;° states with the 
6s6p configuration. By introducing simplifying ideas 
on the crystalline interac- 
tions and atomic rearrange- 
ments, the excitation and 
emission spectra associated 
with the long wavelength 
impurity absorption band in 
KCI:Tl were calculated a 
decade ago (2). The energy 
of the 6s? 1S state of the 
TI+ in the band structure of 
KCl can be computed by considering the Born-Haber 


type cycle: 


Figure 1. Structure of lumines- 
cent center in KCI: TI. 


Tl*(g) + KC\(s) Tl**(g) + KCl(s) + e(g) 
AE yp az’ _F 
KCI1:Tl(s) + K+(g) KCI:Tl*? + K*(g) + e(s) 


where J is the second ionization energy of Tl, F is the 
electron affinity of KCl in the lowest conduction state, 
AE and AE’ are the changes in crystal energy on 
substituting Tl+ and Tl+?, respectively, for K+ in 
KCl, and J’ is the ionization energy of Tl*+ in KCl and 
is, therefore, the energy from the 1S) state of T1* to 
the conduction band. Similar calculations can be 
made for Tl+ in excited electronic states. The band 
model for the energy levels of KCl:TI is shown in 
Figure 2. 

The energies of the localized states of Tl+ in KCI:TI 
are functions of the atomic coordinates of the crystal, 
and since the neighboring ions will interact differently 
with the Tl+ in its ground and excited states, the 
transition energy between these states will depend on 
the coordinates of the ions comprising the activator 
system. In other words, although the activator is an 
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Figure 2. Band theory model for energy level structure of KCI: Tl. 


isolated T1+ at a K*+ site, the activator system is like a 
polyatomic molecule because of the coupling between 
the Tl+ and the KCl crystal. These effects are evident 
in the configuration coordinate model shown in Figure 
3. The configuration coordinate model is based on the 
adiabatic approximation according to which the wave 
function y¥(r, qg) for a state of the impurity system can be 
written: 


Ur, = (1) 


The electronic wave function ¢(r, g) is a function of the 
electronic coordinates r and is smoothly modified by 
changes in the positions q of the nuclei whose state of 
motion is described by ¢(g). In the actual calculation, 
the harmonic approximation was also made, that is, 
the dependence of g(r, g) on q was neglected. The 
energies of the 1S and *P,° states of Tl*+ are shown as a 
function of the symmetrical radial displacement of the 
six nearest-neighbor Cl-. The other ions are allowed 
to relax to equilibrium positions for each value of the 
configuration coordinate. 

The absorption and emission spectra at ordinary 
temperatures can be determined from the configuration 


5 
r ve 3p? 
€50 
37 | 
§ 
1 £0 1 
-6 -4 -2 0 2 4 
Aath) 


Figure 3. Configuration coordinate diagram of 'S and ®P,° states of Tit 
in KCI (Williams). 


coordinate curves semiclassically, that is, the con- 
figurations of the initial state are weighted by a Boltz- 
mann function and the optical transitions are con- 
strained to vertical transitions in accordance with the 
Franck-Condon principle. At low temperatures the 
zero point energy associated with the vibrations of the 
activator system must be taken into account. The 
spectra must, therefore, be determined quantum 
mechanically, that is, by weighting the vibrational 
levels of the initial state by a Boltzmann function and 
multiplying by the matrix elements for transitions 
between the vibrational levels for the initial and final 
states. Representative vibrational levels and wave 
functions are shown in Figure 3. The spectra £; 
at the temperature 7, including the effect of zero 
point energy, can be expressed in the form (3): 


Es = (K/2rkT) “sexp| —Kq?/2k0 coth( (2) 


where K is the force constant for the activator system in 
the initial state, q isthe displacement in the configuration 
coordinate from the equilibrium value for the initial 
state, # is the difference in energy in wave numbers of the 
configuration curves at g, and k@ is the zero point energy. 


THEORETICAL SPECTRA 
ABSORPTION 
EMISSION 
1 1 
ta 
wy 
EXPERIMENTAL SPECTRA 
3r ABSORPTION 
iL EMISSION 
i 1 
| 2 3 4 5 


(cor!) x 10-4 
Figure 4. Spectra for 1S = 5P,° transitions of TI* in KCI. 


The experimental and theoretical spectra for 300°K 
are shown in Figure 4. The widths of the absorption 
and emission bands at 80°K are found both experi- 
mentally and theoretically to be approximately one- 
half their respective 300°K band widths and further 
lowering of the temperature does not appreciably 
reduce the widths. Hydrostatic pressure favors trans- 
itions characterized by smaller interatomic distances. 
This effect can be treated theoretically by an additional 
term in the exponential of equation (2) (4). The 
long wavelength absorption band in KCI:TI is dis- 
placed 80 cm~! to smaller transition energy by 2000 
atm in accordance with theory. The sign of the 
spectral shift with pressure verifies that the equilibrium 
interatomic spacing for the excited state is smaller 
than for the ground state. 

Quite recently, a similar theoretical analysis has been 
completed for NaI:Ag and confirmed by a rigorous 
quantum mechanical calculation of the interactions of 
the Ag+ with the Nal crystal (5). In this phosphor the 
luminescence is attributed to the 4d" 4S = 4d°5p *D 
transitions of Ag+ perturbed by crystalline interactions. 
The widths of the absorption and emission bands and 
the Stokes shift between absorption and emission were 
shown to result from the difference ia radial charge 
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densities of the ground and excited states of the 
activator principally through the Coulomb overlap 
interaction with the neighboring ions. This is also the 
case for KCI]: TI. 

In addition to the theoretical investigations on the 
absorption and emission spectra corresponding to the 
18 = transitions of the problem of the 
ratio of oscillator strengths of the two principal ab- 
sorption bands involving the 'S — *P,°, 'P,° transitions 
has received attention. The relative intensities of 
these transitions are determined by the mixing of the 
’P° and 'P° pure spin states by spin-orbit interaction. 
By using the free ion spin-orbit coupling constants 
and by determining the energy separation of the pure 
spin states from the experimental transition energies, 
the relative intensities of the absorption bands were 
computed and found to be in accord with experiment 
(6). The effect of spin-orbit interaction on the 
configurative coordinate model has been considered and 
a new emission band in the spectral region of the long 
wavelength absorption band was thereby predicted and 
experimentally verified (7). The Jahn-Teller effect 
which removes the orbital degeneracy of the impurity 
states by non-cubic distortions of the lattice, has also 
been invoked to explain some characteristics of the 
spectra of KCI:TI (8). 

The properties described in detail for KCl:TI are 
also evident qualitatively in other inorganic crystals. 
Neutral Hg which is isoelectronic with Tl*+ can be 
dispersed atomically in the zeolite harmotome to yield 
luminescence according to the 6s? 'S = 6s6p *P,° 
transitions (9). The homologous series of impurities: 
Get’, In+, Snt?, Pb*?, as well as Tl*, activate 
the alkali halides to yield luminescence according to the 
transitions, = sp °P,°, (10). These transitions 
are also involved in the luminescence of some of the 
more complex phosphors. 

It should not be inferred from the extensive inves- 
‘tigations on KCI:TI and related phosphors that there 
remain no unsolved problems regarding the lumi- 
nescence of these relatively simple materials. Among 
the unsolved problems are the identifications of the 
impurity system and electronic states responsible for a 
longer wavelength emission band. The origin of the 
trapping states which dominate the phosphorescence 
also remains inconclusive. 
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Figure 5. Absorption and emission spectra of Mn*? in ZnFo. 


Transition Metal Activators 


A variety of inorganic crystals become luminescent 
when certain transition metal ions are dissolved in them. 
The electronic transitions involved are intercombination 
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transitions within the 3d shell, and therefore, the tight 
binding approximation is valid in explaining the 
spectra. In contrast to the transitions s? = sp pre- 
viously discussed, no large change in the radial charge 
density distinguishes the excited from the ground 
state for transitions within the 3d shell. There may, 
however, be large changes in the angular charge 
densities, and for this reason there are differences in 
interaction with the crystal for the ground and excited 
states and a dependence of the transition energy on the 
atomic coordinates of the neighboring ions. This 
interaction is essentially a crystal field theory problem. 
The activator system can be regarded as a transition 
metal ion complex. Each electronic state of the 3d" 
configuration will have a particular dependence on the 
crystal field splitting parameter Dg and the width of the 
absorption and emission bands will depend on d(hv)/ 
d(Dq), where hy is the transition energy (1/1). All the 
states of the 3d” configuration have the same parity; 
therefore, unless the activator site does not have a 
center of symmetry, the transitions will be forbidden. 
In addition, many of the transitions of interest are also 
forbidden because of a change in multiplicity. 


Dipositive manganese is probably the most widely 


~ distributed activator ion in inorganic crystals. Zn2- 


SiO,, MgSiO;, CaSi0O;, Cd2P20s, Zn;(P O4)2, 
and ZnS are among the important phosphors ac- 
tivated by Mnt?. The electronic configuration is 
3d°, and the ground state, in accordance with Hund’s 
rule of maximum multiplicity, is&S. In many crystals, 
the Mn+? site has octahedral symmetry; in some, 
tetrahedral. Since the former has a center of sym- 
metry and the latter has not, the lifetime of the excited 
state will as a rule be longer for the Mn+? at octahedral 
sites. 


Let us consider, for example, ZnF::Mn. Both 
ZnF, and MnF; have the rutile structure, and the 
phosphor is a mixed crystal consisting of a few mole 
per cent of MnF; in ZnF:. Since the nearest neighbor 
F- of the Mn+? are approximately at the corners 
of a regular octahedron, we can approximate the 
crystal field as cubic. The ®S ground state is not 
split by the cubic field and is labeled *A,; the lowest 
lying excited free ion state, which is the ‘G state, is 
split by the cubic field and the lowest lying component 
is labeled *7,. It has been proposed that the transi- 
tions *S(®A,) = 4G(47),) are responsible for the long 
wavelength absorption band and for the emission of 
ZnF.:Mn (12). A value of Dq of 900 cm~-! for the 
equilibrium atomic configuration of the °A, state and 
of 1300 cm! for the equilibrium configuration of the 
4T,, are consistent with the spectra which are shown 
in Figure 5. 

Tetrapositive manganese is also an activator in 
several inorganic crystals. In contrast to Mnt?, 
the luminescent emission of Mn*‘ has a characteristic 
fine structure. These transitions occur between states 
of the 3d* configuration. In several materials, man- 
ganese can be introduced in either the di- or the 
tetrapositive state depending on the composition of the 
vapor phase during crystal growth and on charge 
compensation by impurities. The simplest of these 
materials is MgO, and the emission spectra of Mn+? 
and Mn*‘ in MgO are shown in Fig. 6. In order to 
prepare MgO: Mn*+‘, the phosphor must be prepared in 
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an oxidizing atmosphere and also with Li* for charge 
compensation (13). Two Li* plus one Mn** sub- 
stitute for three Mg*?. 

Another inorganic material which can be activated 
with Mn+‘ is LisTiO;. This phosphor is of interest 
because it can be prepared in an ordered or in a dis- 
ordered structure, and the effect of structure on the 
luminescence is clearly evident (/4). In the dis- 
ordered phase which can be attained by thermal 
quenching or stabilized by mixed crystal formation 
with MgO, the Li+ and Ti+‘ are randomly distributed 
over the cation sites in the rock salt structure. In 
the ordered phase which is attained with slow annealing, 
the structure remains cubic but the Li+ and Ti** are 
ordered among the cation sites. The Mn*‘ substitutes 
for Tit‘, which in the ordered structure are at oc- 
tahedral sites but in the disordered structure are at 
sites without a center of symmetry. In accordance 
with the earlier remark on the applicability of the 
parity selection rule, the lifetimes of the emitting state 
of Mn+‘ in the ordered and disordered Li.TiO; are, 
respectively, 1.2 X 10-* and 0.3 X 10-* seconds. 
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Figure 6. Emission spectra of Mn+? and Mn+‘ in MgO (Prener). 


In addition, because of the inhomogeneity among the 
Tit sites in the disordered Li:TiO; the afterglow is 
non-exponential and the characteristic emission fine 
structure vanishes. The emission spectra of the ordered 
and disordered LiTiO;: Mn*‘ are shown in Figure 7. 

An inorganic luminescent crystal which has been 
quite recently investigated as a high intensity light 
source with unusual properties is Al.O; activated with 
Cr+’, The activator Crt? is isolelectronic with 
and has the same energy level structure. However, 
excitation of Al,O;:Cr+* in the broad absorption band 
corresponding to the ‘A; transition is followed by 
efficient transfer to the 7 state. The emission cor- 
responding to the transition * — ‘A: is a quite narrow 


line because d(hv)/d(Dq) is very small. Because of the 
narrowness of the emission it is possible to achieve a 
sufficient emission radiation density per wavelength 
interval so that the induced transition probability 
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Figure 7. Emission spectrum of Mn+‘ in annealed and quenched Li:TiO; 
{Lorenz and Prener). 


becomes comparable or large compared to the spon- 
taneous transition probability and the emission be- 
comes coherent (14). 


Complex lonic Phosphors 


Calcium halophosphate activated by manganese and 
antimony is the most widely used photoluminescent 
material. The formula is 3Ca;(PO.)..CaX.:Mn, Sb 
where X = F, Cl; and the structure is the same as the 
mineral apatite. There are two structurally different 
Ca*? sites. Each of the four type I Cat? sites in the 
unit cell is on a trigonal symmetry axis parallel to the 
optic axis and has six O-? nearest neighbors, whereas 
each of the six type II Ca*? sites is in a reflection plane 
perpendicular to the optic axis with no other symmetry 
and has as nearest neighbors five O-? and one F-. 


@ caccium 
(©) FLUORINE 


Figure 8. Activator sites in calcium fiuorophosphate. 


These sites are shown in Figure 8. The emission 
spectrum of a representative phosphor is shown in 
Figure 9. 

The manganese responsible for the orange emission 
has for a decade been attributed to Mn*? at the type 
II Cat? site; however, quite recent measurements of the 
polarized luminescence of single crystals indicate that 
Mn?? at type I Cat? sites is the activator (16). The 
orange emission is consistent with the “G — °S tran- 
sition of the 3d° configuration of Mn*? perturbed by the 
crystal field. 

Because the antimony in the halophosphate phos- 
phors is tripositive, there is the problem of charge 
compensation of the Sb** substituted at Cat? sites. 
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Figure 9. Emission spectrum of representative halophosphate phosphor. 


If we attribute the blue emission (Fig. 9) to Sb** 
at the type II Ca*? sites, charge compensation can be 
achieved by concurrent substitution of O-? at the 
nearest-neighbor X~ site. This identification is con- 
sistent with the chemistry of halophosphate phos- 
phors, including a lower X~ content than corresponds 
to the stoichiometry of the pure halophosphate (17). 
In any case, the antimony impurity is a substitutional 
impurity with an excess positive charge and is charge 
compensated by a negatively charged impurity or 
imperfection. The antimony and the compensating 
impurity or imperfection will be associated into ion 
pairs because of the coulombic interaction between 
them. 

Since Sb** has an electronic structure similar to TI*, 
the theoretical work on KCI:TI can be applied qual- 
itatively to Sb** in the halophosphates. In both ions 
the ground state is the 'S state with the s? configuration, 
and the excited states are the *P;° and 'P,° states with 
the sp configuration. The KCl:In and the 3Ca;- 
.(PO4)2.CaX2:Sb are even more closely related since 
In* and Sb*? are precisely isoelectronic. For example, 
the mixing by spin-orbit interaction of the *P® and 
'P® states are more nearly the same for In+ and 
than for and Sb*?. 

However, because of the difference in charge of the 
Sb** and the Ca*? it replaces and because of the excess 
charge of the compensating impurity, another type of 
transition must be considered. For example, let us 
consider the diatomic impurity system consisting of 
Sb** at a type II Cat? site and O-? at the nearest- 
neighbor X~ site. This ion pair and those charac- 
terized by larger impurity distances have features 
similar to the donor-acceptor pairs in zine sulfide which 
we shall discuss in the next section. If we assume 
halophosphates are ionic crystals, we can consider 
classical electron transfer processes in the Sb+? — O-? 
diatomic impurity. 

Sb+? — O-? = — O- 
Since the Madelung constants for the various sites of 
the apatite structure have not been evaluated, it has 
not been possible to calculate the energies for the above 
transitions. It is, however, simple to calculate the 


difference in energy for the above transition and the 
intrinsic transition: 


Ca+? — O-? = Cat — O- 
which can, on the ionic model, be identified with the 
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optical absorption edge of the pure halophosphate. 
From this calculation, we find that electron transfer 
states of the Sb+? — O-? pairs are to be expected in 
the same energy range as the excited *P,° and 'P,° 
atomic states of Sb+*. The electron transfer states, in 
contrast to the atomic states, are coupled to the 
valence and conduction band edges. 

The correct crystal states of the antimony activator 
system will have the characteristics of both the atomic 
and of the electron transfer states. In other words, 
configuration interaction between the atomic and 
transfer states will occur. The localized atomic 
rearrangements responsible for the Stokes shift of the 
absorption and emission spectra of the antimony 
activator are probably determined by the atomic- 
like part of the impurity wave function, whereas 
sensitization of the manganese emission is probably 
determined by the diffuse electron transfer part of the 
wave function for the excited antimony activator 
system. In view of these complexities it is not sur- 
prising that the halophosphate excitation spectrum, 
which is characteristic of the antimony activator 
system, is as complex as shown in Figure 10. 

There are exceptions to the generalization that 
impurities and imperfections dominate the lumi- 
nescence of inorganic crystals. For example, the 
luminescence of magnesium tungstate is characteristic 
of the WO,-? group perturbed by the crystal field. 
The WO,” are sufficiently separated and well-shielded 
from each other so that energy transfer between them 
does not occur, except above room temperature, and 
each WO,~? can be described as a localized system. 


Sb,Mn 
EXCITATION SPECTRUM 


RELATIVE INTENSITY 


40 45 5.0 55 60 6.5 70 
F (em!) x10-* 


Figure 10. Excitation spectrum for antimony emission of calcium fluoro- 
phosphate (Johnson). 


Covalent Phosphors 


Binary compounds of Group IIB and VIB elements 
of the periodic table, such as zine sulfide, have been 
considered both as ionic and as covalent crystals. 
The local tetrahedral coordination characteristic of the 
wurtzite and zine blende structures is indicative of 
non-central forces consistent with the covalent model. 
On this basis ZnS can be regarded as composed of 
Zn? and S+? ions with tetrahedral sp* hybridized 
orbitals. These orbitals, however, will be highly 
polarized because of the large difference in charge of the 
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ion cores. In the limit of the ionic model, ZnS is 
regarded as Zn+t? and S~? ions. The correct de- 
scription obviously lies between the covalent and ionic 
models; however, the net charge which can be at- 
tributed to each ion depends on the boundary that is 
chosen for each. Fortunately, many of the properties 
attributable to impurities in the IIB-VIB compounds 
depend on the difference in charge of the impurity and 
of the ion replaced, and this difference is usually un- 
ambiguous and independent of the ionic or covalent 
character of the pure crystal. 

Group IIB-VIB compounds which contain Group 
IB or VB activators and Group IIIB or VIIB co- 
activators comprise a large class of luminescent crystals. 
These phosphors and the impurities responsible for 
luminescence are shown in the part of the Periodic 
Table reproduced in Figure 11. The activator largely 
determines the emission spectrum, and the coactivator 
facilitiates luminescence but usually has little effect 
on the emission spectrum. The role of the coactivator 
in the chemical preparation of these materials has been 
interpreted on the basis of charge compensation (18). 
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Figure 11. Section of periodic table relevant to activators and coactiva- 
tors in binary compounds of the zincblende or wurtzite structure. 


The energy level structure of these phosphors can be 
deduced from semiconductor theory (19, 20). The 
orderly arrangement of the activators and coactivators 
in Figure 11 is also explained. The impurity states 
are treated as perturbed states of the band structure 
of the pure crystal. The substitution of activators 
from Group IB for Zn or Group VB for S perturbs a 
series of discrete states upward from the valence band 
because the charge of the impurity core is less than the 
charge of the core replaced. In the neutral crystal 
with only activators present, the highest state is empty, 
that is, contains a positive hole, therefore, the activator, 
is an acceptor.’ The substitution of coactivators 
from Group IIIB for Zn or Group VIIB forS yields a 
series of discrete states below the conduction band 
because of the extra core charge of the coactivator. 
In the neutral crystal with only coactivators present, 
the extra electron which compensates for the extra 
core charge is bound in the lowest of these discrete 
states. The coactivator is, therefore, a donor. The 
simultaneous introduction of activator and coactivator 
results in electron transfer from donor to acceptor, 


D* + D*+ + A- 


and the energy is reduced by a large fraction of the 
band gap. Since the band gaps of these materials is 


quite large, i.e., 3.7 ev or 85 keal for ZnS, the inter- 
dependence of the solubilities of coactivators and 
activators in this class of phosphors is understandable. 

In those cases where activator and coactivator 
impurities are not introduced into the crystal in equiv- 
alent concentrations, other mechanisms for charge 
compensation are essential (2/). At the high tempera- 
tures of crystallization where equilibrium must be 
established, the donors and acceptors are ionized. One 
mechanism for charge compensation is by free charge 
carriers. For example, donor impurities may be 
compensated by conduction electrons. In addition, 
Group IIB or VIB vacancies or interstitials may act as 
acceptors or donors and thereby provide charged 
imperfections for the compensation of charged im- 
purities. For example, donor impurities such as Dt 
in the solid MX, may be compensated by metal 
vacancies V,,~: 


D* + Vu~ + M(g) 


Since the solid MX containing donor or acceptors in 
equilibrium with a vapor phase consisting of M(g) 
and X(g) is trivariant, the temperature, pressure, and 
impurity concentration determine the composition of 
the solid. By computing the free energy changes for 
charge compensation by charge carriers and by imper- 
fections, it can be shown that compensation of donor 
impurities by metal vacancies will dominate if : 


3/2 


where Py is the metal pressure in the gas phase, No is 
the concentration of metal atoms in the solid, mx 
and m. are the masses of the metal atom and of the 
electron, EZ, is the band gap, EF, is the energy of the 
acceptor level, and Ey is the energy required to form a 
neutral metal vacancy. In the Group IIB-VIB 
compounds the metal and non-metal vacancies are 
double acceptors and double donors, respectively, 
therefore Ey in equation (3) for this class of phosphors 
is one half the energy to form a neutral vacancy. For 
acceptor impurities, compensation by non-metal va- 
cancies occurs in accordance with equation (3) except 
that subscripts M and A are replaced by X and D. 
By quite general methods based on the mass action law, 
the interdependence of the concentrations of charged 
impurities and imperfections has been formalized 
(22). 

The ionized donors and acceptor, either impurities or 
imperfections, are charged either by electron transfer 
or by thermal ionization at the temperature of crystal- 
lization and therefore interact coulombically and are 
not distributed at random. Qualitatively, the donor 
and acceptor are paired similar to ions in solution 
according to the Debye-Hiickel theory. Quantita- 
tively, account must be taken of the fact that the 
donors'and acceptors occupy only lattice sites. The 
statistical analysis, including this effect, leads to the 
following expression for the fraction a; of pairs charac- 
terized by the interimpurity distance r; (23) : 


as = (4) 


where c is the concentration of donors and acceptors, 
Z, is the number of sites at r;, ga and gp are the charges 
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on acceptor and donor, K is the static dielectric con- 
stant, A is a normalization constant, and 7 is the 
temperature below which diffusion over interimpurity 
distances does not occur. Application of equation (4) 
to Group IIB-VIB compounds with representative 
activator and coactivator concentrations indicates that 
association into pairs must be included in the theory of 
the luminescence of this class of phosphors. 

The activator copper is responsible for several 
emission bands in zine sulfide. The infrared lumi- 
nescence is probably the simplest since it does not 
involve interimpurity or interband transitions but 
only intra-acceptor transitions, that is, hole transitions 
between the ground, excited and ionized states of the 
Cu® acceptor at Zn sites (24). The energy levels are 
shown in Figure 12. In order to attain the proper 
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Figure 12. Infrared absorption and emission of Cu® in ZnS, and two 
stage excitation and edge emission. 


EDGE 
EMISSION 


valence of the copper for infrared excitation and 
emission, it is evident that the chemical potential for 
electrons must be lowered to the energy of the ground 
state of the acceptor. In other words, charge com- 
pensation of the Cu~ by sulfur vacancies Vs+? must be 
minimized. This can be achieved by high sulfur pres- 
sure. The chemical equation describing the com- 
pensation is for a solid consisting of 5 moles of Cu in 
ZnS: 


Zn,_ sCusS sCus (Vs**)3/2 + 


If we apply the law of mass action and the conditions 
for charge and material balance, we find that the 
infrared intensity J is at low pressures of sulfur: 


I = K,[Cu] = (5) 


where K, and K» are constants. At high pressures of 
sulfur, all the Cu is in the Cu® state and J becomes 
independent of Ps.. The experimental dependence of 
I on Ps is shown in Figure 13. This result verifies 
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Figure 13. Infrared emission intensity of ZnS: 5 X 105ou at 196°C as 
4 ono ay of sulfur pressure during equilibration at 940°C (Apple and 
ener). 
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that if hole transitions of the Cu® acceptor are respon- 
sible for the infrared luminescence, then the com- 
pensating imperfection is a double donor. The com- 
pensating imperfection is probably a sulfur vacancy; 
however, an interstitial zinc is also consistent with the 
data. 


A quite striking anti-Stokes luminescence is also 
observed with copper activated zinc sulfide and 
cadmium sulfide which exhibit infrared excitation and 
emission (26). The phenomenon involves electron 
ionization of the Cu~ following hole ionization of the 
Cu, and together these two separate optical transitions 
yields “‘edge emission”’ which consists of narrow bands 
near the absorption edge of the pure crystal. The 
two stage excitation is shown on Figure 12. The 
identity of the impurity or imperfection involved in 
edge emission remains ambiguous; nevertheless, the 
two stage excitation is quite unambiguous and confirms 
the nature and energy levels structure of the copper 
impurity responsible for the infrared excitation and 
emission. 


With the exception of the infrared luminescence just 
described, the emission bands of Group IIB-VIB 


~ compounds containing Group IB or VB activators and/ 


or Group IIB or VIIB coactivators involve radiative 
recombination of an electron in a donor or conduction 
band state with a positive hole in an acceptor state. 
In the case of ZnS containing only donor impurities, a 
problem has been the identity of the acceptor or 
activator involved in the “self-activated”’ blue emis- 
sion. It was pointed out earlier in this section that 
compensation of the donor impurities can be achieved 
by metal vacancies which are double acceptors. This 
mechanism of compensation is dependent on the 
pressure of zinc in the vapor phase during crystal 
preparation in accordance with equation (3). In 
addition, the zinc vacancy because of its double negative 
charge tends to associate strongly with one of the 
positively charged donor impurities. This diatomic 
impurity system will be a singly ionizable acceptor with 
properties similar to Group IB or VB acceptors. The 
self-activated blue emission of ZnS has been attributed 
to this diatomic impurity system. Since the nearest- 
neighbor pairs formed between the zinc vacancy and 
the impurity donor are different depending on whether 
the donor is from Group IIIB or Group VIIB, it was 
predicted that the self-activated emission spectrum 
should be different for the two types of donor impurities. 
The observed difference in peak position is 400 cm~'. 
This is in accord both as to magnitude and direction 
with a model of the center in which vacancy and donor 
are considered to be point charges, —2 and +1, in a 
medium whose static dielectric constant is that of 
ZnS (27). In addition, the dependence of the self- 
activated emission intensity on sulfur pressure during 
crystal preparation is in accord with the identification of 
the activator. 


Another emission band involving associated donor- 
acceptor pairs is observed in ZnS containing equivalent 
concentrations of Group IB acceptors and Group IIIB 
donors. This emission is in the red and is attributed to 
pairs sufficiently closely associated so that radiative 
transitions may occur between the ground states of the 
donor and acceptor (28). The probability of this 
transition depends on the overlap of the donor and 
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acceptor wave functions. Association must not be so 
close that the states are no longer coulombic. Because 
of the large central cell correction characteristic of the 
ground states of donors and acceptors in ZnS, the 
energies of these states are dependent on the identities 
of the donor and acceptor. The emission spectrum 
depends, therefore, on the chemical identities of both 
activator and coactivator. This is in contrast to the 
shorter wavelength emission bands which depend only 
on the chemical identity of the activator. These 
emission bands involve transitions from the conduction 
band or from excited states of the donor to the ground 
state of the acceptor in less highly associated pairs. 
The transitions for the long and short wavelength 


emission bands are shown in Figure 14. A typical 
CONDUCTION BAND 
SHORT 
WAVE LENGTH LONG 
WAVELENGTH 
EMISSION 


NILENCE BAND 
Figure 14. Band theory rope for short and long wavelength luminescent 
centers in lIB-VIB ¢ g donor-acceptor pairs. 


emission spectrum showing the two bands is shown 
in Figure 15. The dependence of the relative intensities 
of these two emission bands on temperature and 
impurity concentration is consistent with the identi- 
fications. Finally, the difference in transition energy 
for the two types of transitions is in accord with the 
donor depths determined from electron trapping 
phenomena (29). 

The electronic energy levels of the donor-acceptor 
pair have been investigated theoretically in a way 
similar to the Heitler-London treatment of the hydro- 
gen molecule (30). The interparticle distances of a 
donor-acceptor pair are shown in Figure 16. In the 
analysis, the cores are approximated by point charges; 
the medium, by a continuous dielectric; and the two 
particle wave function, by a single product of the 
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Figure 15. Emission spectrum of cubic ZnS: 10~‘ Ag, In at 25°C (Apple 
and Williams). 


separated donor and acceptor wave functions. 
+) = vol —) dal +) (6) 


The permuted product is not included because the 
electron and hole are distinguishable particles. By 
applying the Hamiltonian, including all the interparticle 
interactions indicated in Figure 16, to the wave func- 
tion, it is found that the transition energies involved 
in absorption or emission between particular donor and 
acceptor states increase as a consequence of association. 
In addition, the interparticle interactions are different 
for absorption than for emission because the lattice 
modes are polarized differently immediately following 
optical creation of an electron-hole pair and following 
their optical annihilation. In other words, for crystals 
with some polar character, a Stokes shift is predicted 
even in the continuous dielectric approximation. If 
the period of orbital motion of the hole and electron 
becomes long compared to the period of the lattice 
modes, then the Stokes shift vanishes. The ap- 
plication of the theory to ZnS containing Group IB 
acceptors and Group IIIB donors tends to support the 
identification of the red emission as involving transi- 
tions between the ground states of donor and acceptor 
in quite highly associated pairs. 

There exists a number of unsolved problems per- 
taining to the impurities and imperfections responsible 
for luminescence in covalent crystals. The question of 


Figure 16. Interparticle distances for associated donor-acceptor pairs. 


compensation of impurities by vacancies or by in- 
terstitials needs to be resolved experimentally. The 
impurities or imperfections responsible for edge emission 
and for the blue emission band of copper need to be 
identified unambiguously. The outstanding theoretical 
problem is a quantitative method for taking account of 
the large central cell correction which exists for donors 
and acceptors in large band gap semiconductors. 
There are, of course, many problems associated with 
non-photoluminescent excitation and energy transfer 
which are outside the scope of this review. 


Conclusions 


The nature of the chemical impurities and crystalline 
imperfections which dominate the luminescence of 
inorganic crystals is becoming increasingly better 
understood. For example, the broad bell-shaped 
absorption and emission bands and the Stokes shift 
between absorption and emission are quite general 
properties with the same qualitative origin in all 
phosphors. The contribution of chemical studies to 
fundamental research programs on luminescence has 
increased as more complex phosphors have been inves- 
tigated. The understanding of covalent luminescent 
crystals has advanced largely from the impact of 
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semiconductor theory as modified to large band gap 
polar crystals. Luminescence involves impurities and 
imperfections of diverse atomic and molecular types 
whose characteristics depend on the chemical potential 
for electrons of the crystal as well as on the structure of 
the activator system. 
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Oviers are now being filled for the 10-Year Cumulative 
Index covering Volumes 26 through 35 (1949 through 1958). 
The price is $2.50, postpaid. A special offer combines this 
new volume with the 25-year Cumulative Index, Volumes 1 
through 25, for $4.50. 

Readers will find these indexes to be a great help in making 
full use of personal and library files of this Journal. The 
more than 5000 subscribers whose files of this Journal began 
in recent years will be able to add extra years of coverage by 
means of this one small volume. 
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The preparation and publication of the index has been 
underwritten by a grant from the National Science Founda- 
tion. Countless hours of careful checking of every article 
published in the ten-year period has produced more than 9000 
subject entries alone. These are more than titles; often items 
of interest within articles are identified. Teachers, historians, 
researchers, and students will find this index an indispensable 
first place to look when exploring or reviewing a topic. 

Order from: Journal of Chemical Education, Easton, Penna. 
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Bennett R. Willeford, Jr. 
Bucknell University 
Lewisburg, Pennsylvania 
and Leallyn B. Clapp 
Brown University 
Providence, Rhode Island 


The accelerating growth of chemical 
knowledge, which has been recognized as an exponen- 
tial function (1), and the improvement (both acknowl- 
edged and anticipated) of the secondary school chemis- 
try course have made imperative a re-examination of 
the traditional program for the training of chemistry 
majors. The Division of Chemical Education of the 
American Chemical Society requested Bucknell Uni- 
versity to hold a conference during the summer of 1960 
to consider the total undergraduate chemistry curricu- 
lum. The objectives of the conference were the pro- 
motion of a fruitful exchange of ideas among persons 
interested in and involved in experimental curricula of 
various sorts, and the stimulation of interest in the 
modernization of the undergraduate programs at col- 
leges throughout the country. 

The conference included 45 college and university 
men of diverse interests from institutions of diverse pur- 
poses. The conference divided into four working 
groups to consider the problem of up-dating the under- 
graduate chemistry curriculum. The approaches of 
these four groups were quite different and their reports 
show different emphases.?, No one was brave enough 
to say that he had discovered the ideal chemistry 
curriculum, a conclusion that has been reached by 
others (2). However, numerous suggestions for practi- 
cal programs were put forward, some of which had 
features common to curricula described in THIS JOURNAL 
in recent years. Those papers included descriptions of 
particular curricula now in operation (3), discussion of 
novel or unique treatment of the traditional subject 
matter areas (4), and symposia devoted to instruction 
in inorganic (5) and analytical (6) chemistry. 

During the last two days of the conference, the origi- 
nal groups were dissolved and new groups were formed 
according to the subject matter interest of the members. 
Some thoughts of these groups are also reported here. 

The reports of the various groups were presented at 


* plenary sessions .of the conference for discussion and 


cross fertilization of ideas. The conference took no 
action on any of these reports, so it is not possible to 
summarize the results in a series of resolutions or con- 
clusions approved by the conference as a whole. How- 
ever, several ideas appeared so frequently that it seems 
fair to conclude that they are endorsed by a majority, 
if not all, of those present. Other ideas are endorsed by 
fewer in the conference. 


1 June 12-18, 1960. Financial support was provided by the 
National Science Foundation. 

2 A copy of the complete report may be obtained from Pro- 
fessor B. R. Willeford, Department of Chemistry, Bucknell 
University, Lewisburg, Pennsylvania. 


The Undergraduate Training 
of Chemistry Majors 


A report of the Bucknell Conference 


Opinions Expressed 


Impact of improved high school courses. There has 
recently been an improvement in the quality of high 
school chemistry as more and more teachers take ad- 
vantage of the programs supported by the National 
Science Foundation. The more widespread use of the 
materials developed by the Chemical Bond Approach 
and the Chemical Education Materials Study groups 
will provide more entering undergraduates with ex- 
cellent backgrounds in chemistry. Similar programs 
in mathematics will bring about an increase in the 
number of students who enter college with introductory 
calculus or who will be prepared to study calculus in 
the freshman year. The undergraduate college must 
be prepared to take advantage of this improved high 
school training as only too few schools have done in the 
past. 

“Trickle-down.”’ The ideas, theories, and experi- 
ments on the frontiers of chemistry must be brought 
from the research laboratory through the graduate 
program and eventually to the undergraduate program. 
This movement of advanced material to undergraduate 
courses (called “trickle-down,” a term coined by Peter 
Yankwich) should be accelerated if students are to be 
better chemists than their mentors. The “trickle- 
down” of physical chemistry to general chemistry is 
recognizable but in other courses the rate of infiltration 
has generally been slow. Occasionally we may need a 
revolution rather than an evolution in course content. 

“Constant volume.” Most undergraduate programs 
must be formulated within a “constant volume” of 
about 40 semesters hours devoted to instruction in 
chemistry. There is no general feeling that this should 
be expanded at the expense of humanities, social studies, 
English, or language requirements. The ‘constant 
volume”’ situation indicates a solution in which an 
increasing emphasis is placed on chemical principles at 
the beginning, needless repetition is avoided throughout 
the curriculum, and a realistic recognition of good teach- 
ing in high school is mandatory. Perhaps the best 
hope of increasing the size of the ‘constant volume” 
is in better use of high school chemistry. 

Utilizing summer time. The size of the ‘constant 
volume” in which the undergraduate program operates 
can also be increased by utilizing the summer periods 
for assigned readings, independent study, or research. 
The NSF Summer Programs for undergraduates already 
in operation encourage more use of this available time. 

Content of first course? There was no general agree- 
ment as to what constitutes the best freshman course. 
The majority favored a modernized general chemistry 
course but a few schools now find it best to begin with 
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organic chemistry or an integrated chemistry-physics 
course. 

Rescue inorganic. Inorganic chemistry, as distin- 
guished from general chemistry given as a first course, 
has almost disappeared from the undergraduate 
curriculum. This situation has resulted partly from 
the gradual “trickling down” of physical chemical 
principles into the general chemistry course, which 
formerly consisted mostly of inorganic chemistry. The 
belief that inorganic reactions were essentially direct 
and simple and depended little on structure and mecha- 
nism also led to the de-emphasis of inorganic chemistry. 
Finally, the treatment of inorganic chemistry as an 

encyclopedic description of the chemistry of element 

after element and compound after compound has dis- 
couraged many teachers and students from cultivating 
this discipline. Today, however, when new and power- 
ful experimental tools for investigating the structure of 
inorganic compounds and the mechanisms of inorganic 
reactions have become available, inorganic chemistry 
again has become an exciting science and is claiming 
more and more time of the research scientist. Add to 
this consideration the great benefit which chemists in 
other fields would gain from a systematic knowledge of 
inorganic chemistry, and one is forced to conclude that 
this important discipline cannot be left out of the under- 
graduate curriculum. Thus, in addition to the de- 

scriptive inorganic chemistry covered in other courses, a 

modern inorganic course to follow- the introductory 

physical chemistry course is considered essential. 

Quantitative techniques and quantitative thinking. 
Modern chemistry is increasingly quantitative in na- 
ture, as all sciences must be as they mature. All un- 
dergraduate chemistry courses, not just those in analy- 
tical chemistry, should stress the quantitative nature of 
chemistry and emphasize quantitative procedures in 
laboratory work. Much of the material of the tradi- 

- tional introductory course in analytical chemistry can 
be incorporated into other courses. The fear of the. 
professional analytical chemist is that transfer of re- 
sponsibility for this activity to inorganic, organic, and 
physical chemists may not be accompanied by the 
attitude, respect, and demands on exactness that the 

professional analyst brings to this activity. If such a 

change is to be made, the instructors in charge of all 

courses will have to assume a responsibility for ‘“quan- 
titative” chemistry. 

Save analytical. Analytical chemistry itself is too 
important to be eliminated from the curriculum. 
Though other courses can be used to teach quantitative 
procedures and principles, it was felt that a course in 
analytical chemistry with laboratory, probably in the 
junior or senior year, is needed to give the student 
appreciation of the exacting work of analytical chemis- 
try. 

Physical chemistry—chemical physics. The physical 
chemistry course should emphasize chemical physics 
more than has been the general pattern in the past. 
This trend is indicated in the following parts of a cur- 
riculum proposed during the conference (it may be 
appropriate very soon): Half the first year course 
is devoted to topics described as chemostatics and ion 
dynamics. Chemostatics—matter without chemical 
change—includes the study of particles and properties, 
states of matter (using a kinetic theory approach to the 
interplay of forces), introduction of effusion, and the 
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Boltzmann distribution using moderately detailed deri- 
vations. Ion dynamics includes equilibria and proper- 
ties of ionic solutions approached from the side of solu- 
tions of ionic crystals, acid ionization from solution of 
covalent hydroxy compounds, and complex ion equi- 
libria from development of ion reactions in solution— 
in all cases using a kinetic approach. 

A second year course’called “energetics” is given over 
to the following subject matter: thermodynamics, 
phase equilibria, solution equilibria, all electrochemical 
phenomena, crystal structure (including X-ray dif- 
fraction), radius ratios, Born-Haber cycles and specific 
heats (the last is to be treated as an introduction to 
models used in chemical physics), and diatomic mole- 
cule properties, including optical transitions. 

A semester course called “chemical physics’ would 
be offered with the following topics: introductory 
quantum mechanics, with a fairly complete develop- 
ment for the H atom and a modest treatment of H.*; 
bonding theories and their relation to diatomic mole- 
cules; electronic structure of solids; electrical and 
magnetic properties of molecules. 

Finally, the subject of chemical physics could be 


. topped off by a course in thermodynamics from a 


statistical mechanics viewpoint. 

New look for organic. In organic chemistry, the in- 
creased importance of mechanisms, structural studies, 
stereochemistry, and such topics requires decreased 
emphasis on descriptive organic chemistry. The ideal 
organic laboratory course should attempt to be quanti- 
tative. This does not mean that the work now done in 
quantitative analysis should be transferred to the 
organic laboratory nor that the precision demanded in 
the analytical laboratory should be expected in the 
organic laboratory. It does mean that the tools, 
techniques, and attitudes of modern analysis should 
enter significantly into the first laboratory experience 
in organic chemistry. 

Laboratory should be “research.” All laboratory 
courses should emphasize the problem or research ap- 
proach as much as possible. A student should be given 
an opportunity to formulate his problem, design an 
attack, evaluate his experimental results, and draw his 
own conclusions. A few notable attempts in this di- 
rection for the beginning student have been described 
(7, 8) and one laboratory manual has been published 
with this purpose uppermost (9). 

Undergraduate research problems. Independent study 
and research at the senior level are highly desirable 
aspects of an undergraduate’s training (10, 11). There 
was disagreement on whether this should be available 
to all or limited to honors students. : 

No “sheep and goats.”” There seemed to be no in- 
clination among the conference members to distinguish 
between the undergraduate training for a chemistry 
major who intends to undertake graduate work and 
those who terminate their formal training at the bache- 
lor’s level. There seemed to be general agreement that 
what is good training for the graduate schools is also 
good training for industry (12). 

No “left nostril” specialists. The recent tendency 
to break down the boundaries between the tradi- 
tional areas of chemistry in order to teach without 
loyalty to one area is a step in the right direction (13). 

Rates and mechanisms. The importance of rates 
(14, 15) and mechanisms of chemical reactions must be 
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given a more prominent role in the entire curriculum. 
The organic course has become immersed with this kind 
of enterprise but a unified treatment for all of chemistry 
makes more sense. 


Competent Enthusiastic Teaching Produces Results 


Finally, it was generally recognized that the teacher 
is far more important than the curriculum in the in- 
struction of a student. If the chemistry teacher is 
competent and enthusiastic, and has initiative, almost 
any curriculum can be utilized effectively. Though 
certain guide lines can be laid down for a curriculum, 
the flavor will be determined by the teacher and not by 
the name given to the course. 


(2) CampsBE LL, J. A., Chem. Eng. News, 38, No. 34, 88 (1960). 

(3) Crapp, L. B., “Symposium on New Ideas in the Four-Year 
Chemistry Curriculum,’’ J. Cuem. Epuc., 35, 164 (1958). 

(4) Ibid., p. 246. 

(5) Moretxier, T., “Symposium on Instruction in Inorganic 
Chemistry,’’ J. Cuem. Epuc., 36, 441, 502 (1959). 

(6) Bowsrs, R. C., ‘‘Educational Trends in Analytical Chem- 
istry,’’ J. Cuem. Epuc., 37, 276, 335, 400 (1960). 

(7) SUMMERBELL, R. K., Lestina, G., Kina, L. C., and Nrv- 
MANN, H. M., J. Cuem. Epuc., 32, 475 (1955). 

(8) Youna, J. A., J. Coem. Epuc., 34, 238 (1957). 

(9) Young, J. A., ‘‘Practice in Thinking,’’ Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey, 1958. 

(10) Danrortu, J. D., J. Coem. Epuc., 37, 121 (1960). 

(11) ‘‘Research and Teaching in the Liberal Arts College,’’ A 
Report of the Wooster Conference, Division of Chemical 
Education, ACS, 1959. 
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The conference on chemistry for non- 
science majors was sponsored by the NSF and the 


‘Division of Chemical Education. Participants in the 


conference included 28 college teachers of chemistry 
and five distinguished scholars from other disciplines. 
The chemistry teachers, selected because of their 
contributions to chemical education, represented col- 
leges and universities of all sizes and types from all 
parts of the nation. 

The principal purpose of the conference was to 
examine critically, on an exploratory basis, the course 
content and method of teaching the chemistry courses 
for non-science majors and to recommend ways in 
which such courses can be made more valuable to the 
thousands of students who are concerned with and 
vitally affected by the implications of chemistry. 
The conference has prepared a full report. Copies are 
available from the office of the Department of Chem- 
istry, Montana State College, Bozeman, Montana. 

The program of the conference, in 17 sessions, in- 
cluded a series of lectures by prominent scholars from 
disciplines other than chemistry, on topics which 
contained auxiliary material for a terminal course. 
There also was a series of panel discussions on various 
phases of the problem of providing and developing a 
chemistry program for the non-science major. Each 
lecture or panel discussion was followed by a group 
discussion. 

1 July 17-23, 1960. Financial support was provided by the 
National Science Foundation. 
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The College Chemistry Course 
for Non-Science Majors 


A report of the Montana State Conference 


The Lectures 


A. B. Garrett (Ohio State), ‘‘How Can the Most Dramatic 
Subject Matter of the Whole Academic Curriculum Best Be 
Taught and Caught?’’ 

Paul Sears (Yale), ‘‘What the Field of Conservation Has to 
Offer a One Course in Chemistry.”’ 

Paul Abersold (AEC), ‘‘What the Field of Nuclear Science Has 
to Offer a One Course in Chemistry.”’ 7 

Chauncey Leake (Ohio State), ‘“‘The Impact of Science on So- 
ciety’’ and ‘“‘Dimensions and Nursery Rhymes.”’ 

Joseph Schwab (Chicago), ‘‘If I Were to Teach a One Course in 
Chemistry—Philosophy of Science.”’ 

Bentley Glass (Johns Hopkins), ‘‘What Non-Science Students 
Should Know About Chemistry in Order to Understand Biologi- 
cal Phenomena Which Are of Everyday Importance’’ and ‘‘The 
Research Type of Problem for the Laboratory.’’ 

Frank Fornoff (Educational Testing Services), ‘“Testing.’’ 


The Panel Topics 


Demonstration Problems and Laboratory Problems 
Objectives and Syllabi 

Great Literature 

The Discovery Process: Creativity 

Fringe Benefits that May Be Main Benefits 
Testing 


Highlights of the Lectures 


A. B. Garrett presented both a challenge and a 
charge, suggesting that the unique objective of this 
course should be achievement on the part of students of 
the complete cycle: Interest, Understanding, Re- 
tention, Applications, Motivation, Continuing Mastery, 
and back to Interest. He charged the conference to 
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find the approach and the content for a modern chem- 
istry course to do this. 

Paul Sears discussed problems of natural resources, 
emphasizing the interplay among the available re- 
sources, the population pressure, and cultural patterns 
of the society. He suggested that in most of the world 
today population pressure and prevailing cultural 
patterns are unfavorable to satisfactory conservation 
of natural resources. A more responsible attitude 
toward natural resources will result only from a better 
appreciation of the laws of science by American youth. 

Paul Abersold emphasized the advances in all 
fields of science made possible by radioisotopes. He 
demonstrated clearly the importance of including some 
aspects of nuclear science in the chemistry program and 
he provided AEC source material for doing this. 

Chauncey Leake traced the cultural position of 
science (and chemistry) against a socio-historical 
background from the time of the early Greeks and 
their realization of individual satisfactions and social 
welfare, through the development of the concept of 
interpersonal relations and ethics to the development 
of logic and scientific knowledge. In his second talk, 
he presented a history of certain chemical concepts as 
developed by experimental biologists and physiologists. 
His third talk centered on the evolution and significance 
of units and dimensions. 

Joseph Schwab developed the notion that the current 
false image of science has created not only suspicion of 
science but also many unimaginative, unproductive 
scientists. This false image is of science as a body of 
absolute truth rather than of fluid enquiry. 

Bentley Glass emphasized that the sciences must 
inescapably become the core of a liberal education. 
He asked chemistry teachers to attempt to give the 
student a lasting understanding of what a scientist 


_ does, how he carries out his work, and why his method of 


investigation gives more assurance about the facts of 
nature than any other approach; to develop the 
evolution of ideas and their correction using the 
history of science; and to prepare the “right kind” 
of teachers. 


Summaries of panel discussions: 


Demonstration Problems and Laboratory Problems. 
Convey the research point of view from the very 
beginning of the course; explore the use of television 
and films in chemistry teaching; examine the literature 
of education for techniques for more effective teaching; 
try some special qualitative analysis techniques. 

Hubert N. Alyea dramatically proved the importance 
and utility of the demonstration technique for de- 
veloping critical judgment in students. 

His conviction is that curiosity, knowledge, and 
critical judgment should be developed by devoting 
about 20%, 30%, and 50% of the time, respectively, 
to each in the terminal course. This would contrast 
with 20%, 60%, and 20% respectively, in the typical 
introductory course for chemists. 

Great Literature and the Discovery Process. Since 
any approach to chemistry must inculcate a notion 
of the dynamic nature of chemistry, the introduction of 
historical sequence seems most appropriate. 

Three techniques of the “historical approach” are 
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to put the student vicariously into the state of knowl- 
edge that existed in a past time, to simply require the 
student to read about the past, and to use biographical 
or chemical anecdotes in presenting material. The 
historical approach is but one tool which the chemistry 
teacher may use in deveioping this course. 

The creative role of problem recognition is important 
and must not be replaced merely by problem solving. 

Fringe Benefits of an Ideal Chemistry Course for Non- 
Science Majors include an introduction to critical 
thinking, an understanding of the role of chemistry 
in the American economy, and insight into the impact 
of chemistry on world affairs. 

Testing. Frank Fornoff listed the objectives of a 
test and compared essay and objective tests. He 
discussed test planning and techniques for measuring 
skills, attitudes, and motivation. 


Conclusions 


Character of the Course. The character of the chem- 
istry course for non-science majors should be rigorous, 
with every effort made to limit the number of items 


- eovered so that those included can be studied inten- 


sively. The course should be no less demanding 
intellectually than the traditional course in chemistry. 
It must be organized and taught in such a manner that 
a student will develop curiosity, will acquire a reason- 
able amount of chemical information, and will be 
required to exercise critical judgment. 

The student should gain an appreciation of the 
dynamic and evolutionary character of science as 
well as its interaction with other cultural forces. He 
should gain an understanding of the indispensability 
and limitations of observations, the utility of cor- 
relations and classifications, and the tentative nature 
of theories and postulates; but he should appreciate 
the great power of discovery that rests in their co- 
ordinated use. Experience in the experimental meth- 
ods of science is indispensable; students should plan, 
execute, and interpret laboratory experiments. 

General Guide for Development of the Course. Pref- 
erably, this course should be a one-year course. The 
subject matter may be selected from many areas. 

In making the course intellectually challenging, the 
instructor should stress the evolutionary development 
of chemistry, treating in depth a few theories or 
concepts; he should use mathematics as a tool in 
quantitative reasoning and as an important means of 
communication; and he should use an “experimental 
approach” to the lecture and laboratory programs. 
Outside reading in chemistry and in the cultural and 
philosophic aspects of science should be required. 

The laboratory should emphasize the “discovery” 
aspect and provide experience in designing and inter- 
preting experiments. The approach to the laboratory 
is more important than the coverage. 

It is recommended that one or more follow-up con- 
ferences or institutes be held for further study and to 
work out material (possibly with syllabi) on two basic 
problems: 


The research type of laboratory problems that can be developed 
for the terminal course. 

The development in a practical manner of the historical and 
somewhat anecdotal method, showing the dynamic evolving 
character of science. 
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Howard Nechamkin 
Pratt Institute 
Brooklyn, New York 


The way in which the subject matter or 
course content of general chemistry has grown during 
the past several years is cause for concern. For the 
past few decades the common organization of time has 
allotted three hours of classroom and three hours of 
laboratory work each week during one academic year. 
This has remained true despite the fact that textbooks 
used for the course have expanded in the number of 
pages and ideas they contain in an alarming way. 
Thus, the 1949 edition of one popular textbook con- 
tained about 200,000 words; the 1959 edition contains 
about 260,000. Even more startling, another very 
well-known general chemistry textbook contained in 
the 1938 edition about 195,000 words; the 1960 edition 
contains over 490,000 words! 

To determine what college teachers believe is the 
course content of general chemistry, these teachers 
were approached directly by the usé of a questionnaire. 

The questionnaire was constructed by listing the 
items that appeared as index entries in twelve textbooks 
that are most widely used in college general chemistry 
courses. This comprised a six-page single-spaced 
questionnaire consisting of 230 items or topics. The 
respondents were asked to rate each item according to 
the scale given in Table 1. 


Table 1 
Scale rating Meaning 


Essential for inclusion in the course 

Important but do not go into detail 

Would include when time permits 

Relatively unimportant, may be safely omitted 
Unnecessary and should be omitted 


This questionnarie was then mailed to the “Director 
of General Chemistry” in each of 195 colleges together 
with a covering letter explaining the purpose of the sur- 
vey. The institutions were selected from a listing in 
the World Almanac and included representatives of 
large and small colleges and universities as well as those 
devoted to liberal arts, engineering, and other profes- 
sional schools.2 The response to what was considered 
quite a formidable questionnaire was far beyond that 


Epitor’s Note: It should be stated clearly that no interpreta- 
tion can be made other than that the information here presented 
reflects the way general chemistry is being taught. This in no 
way can be construed to mean that the course should be con- 
ducted this way. We are confident, too, that any prospective 
textbook author who patterns his text closely along the lines 
suggested in this report may well expect his book to be out of 
balance a decade hence. 


The Course Content of General Chemistry 


expected. Of the 195 sent out, 105 were returned care- 
fully completed. Some bore pertinent comments re- 
flecting the way in which the respondents viewed the 
importance of the survey. Unfortunately it is not 
possible, since anonymity was preserved, to judge the 
proportion of the returns which represent the impres- 
sions of teachers in the various types of institutions. 
It is reasonable to hope that the 105 returns were a 
representative sample of the list of institutions to 
which mailing was made. 

Each item on each questionnaire was then tabulated. 
An A rating by a respondent gave that item a score of 
4; B, 3; C,2; D,1; E,0 on his questionnaire. The 
score which each item received on all questionnaires 
was then totaled to give an over-all score. On this 
basis, the highest possible score for any item would be 
420 (that is, it rated A on all 105 questionnaires re- 
turned). The values were then scaled proportionally 
so that the maximum value was 400 and the lowest 
possible was zero. In this way the score values and 
their evaluation corresponding to the letter designations 
in Table 1 are given in Table 2. 


Table 2 
Score value Letter value 
320-400 A 
240-320 B 
160-240 
80-160 D 
0- 80 E 


Table 3 lists all the items in order of decreasing score. 
This list of evaluations will reveal some surprises. 
The purpose here is to present the findings and to leave 
the interpretation of the information to the reader. 
There are however, several items that are worth em- 
phasis. For example, only 20 of all of the entries were 
rated 160 or below—an indication that of the items 
listed, very few were considered unimportant. No 
items were rated at 80 or below, which would have 
corresponded to exclusion from the course. Interest- 
ingly, all of the items relating to thermodynamics, 
free energy, and entropy ranked very low on the list; 
this is in spite of the fact that the more recent text- 
books are tending to include more of this type of 
material. This may reflect either the pioneering efforts 


1 The author will supply interested readers with a list of these 


ks. 
2 The author will supply interested readers with a list of these 
schools. 
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of the textbook authors or the reluctance of the users 
to agree with the trend. 

The questionnaire itself was alphabetically arranged, 
yet there was consistency in the resultant rating of 
items that were related topically but were widely sep- 
arated in the order of their appearance in the listing. 
Thus, Phase rule rated 150 and Phase diagrams 183, 
but Eutectics rated higher at 206. Atomic energy 
rated 285, the Atom bomb 273, and the Einstein equa- 
tion of mass-energy equivalence scored 286. Partition 
scored 197; Extraction 195. Thermochemical equations 
rated 253 and Hess’ law 250, yet Heat of reaction scored 
342. Curiously, Quantum numbers were rated 253 
while the Pauli exclusion principle was rated lower at 
200, but Atomic structure had the very high rating of 
394 while the Origin of spectra scored only 272. This 
makes one wonder how atomic and molecular structure 
are actually being taught in the classroom in the light 
of the way these topics are being treated in the newer 
textbooks. Composition of air rated 353 and the 
Atmosphere 352. Apparently, identification tests for 
anions and for cations were considered of about equal 
importance scoring, 300 and 304, respectively. 

Some paradoxes in the ratings may have been due to 
differing interpretations of the topic title or may imply 
that some topics are treated qualitatively rather than 
mathematically. Thus, Hydrolysis of salts was rated 
383, but the quantitative aspects of hydrolysis, that 


is, Degree of hydrolysis and Hydrolysis constant were 
rated only 298 and 291, respectively. The Gas laws 
scored 395, but Van der Waals’ equation only 191. 
Similarly, Colligative properties was rated 346 while 
Raoult’s law was only 298. The Electromotive series 
was rated 388 but Oxidation potentials only 322 and 
the Hydrogen electrode even lower at 272. Chemical 
bonding scored 390 but General isomerism only 268. 
Also, whereas Jonic equilibrium was rated at 384, 
Common ion effect scored only 301. Concentrations of 
solutions was rated at 398, yet Activities of ions was only 
214 and Titration was 344. 

Other interesting disclosures were that whereas 
Bronsted acids scored 356 and Arrhenius’ theory 355, 
Lewis acids scored only 278, and that the highest rated 
of all topics pertaining to organic chemistry, Classtfica- 
tion of organic compounds, received a score of only 295. 
All of the topics pertaining to organic chemistry rated 
at an average of about 230. This corresponds to an 
interpretation implying that the subject matter would 
be included in the course only if time permitted. An 
average of about 10% of the total page space in general 
chemistry textbooks is devoted to organic chemistry. 

The sequence of topics that come under the heading 
of descriptive chemistry in order of decreasing score 
was as expected, i.e., the Chemistry of Oxygen (382), 
Hydrogen (381), Halogens (376), Nitrogen (374), Sulfur 
(371), Alkali metals (369), ete. 


Table 3. A Listing of Questionnaire Items and Their Scores 


400 Periodic system 349 Hydration of ions 

398 Absolute temperature 348 Catalysis 

398 Ionization of acids 348 Electrical conductivity 

398 Concentrations of solutions 346 Colligative properties 

395 Gas laws 346 Iron chemistry 

394 Atomic structure 344 Complex ions 

394 Conservation of mass 344 ‘litration 

393 Redox — balancing 343 Electrode potentials 

392 Units and dimensions 342 Heat of reactions 

391 Conservation of energy 340 TIon-electron method 

390 Avogadro’s number 340 Dalton’s law 

390 . Chemical bonding 337 Coulomb’s law 

389 Boiling point definition 335 Aluminum chemistry 

389 Boyle’s law 335 Radioactivity 

389 Mass definition 332 Atomic radii 

388 Electromotive series 332 Bronsted theory 

388 Vapor pressure definition 330 Phosphorus chemistry 

387 Law of mass action 330 Law of multiple proportions 

384 Ionic equilibrium 328 Electronegativit: 

384 Ionization constant 327 Halogen oxyaci 

384 Kinetic molecular theory 326 Allotropy 

384 Avogadro’s law 326 Buffer solutions 

384 Reversible reactions 326 no gases 

383 Activity series of metals 326 nesium chemistry 

383 Hydrolysis of salts 325 thode rays 

382 Oxygen chemistry 322 of cells 

382 Charles’ law 322 Electron affinit; 

381 Hydrogen chemistry 322 Hydrogen bon 

379 Acids and bases, general 322 Oxidation potentials 

379 Electrolysis 320 lloys 

376 Halogen chemistry 320 Graham's law 

376 Law of definite proportions 318 Moseley’s work 

374 Nitrogen chemistry 314 Reaction rates 

373 Equilibrium constant 314 Ionization potentials 

372 Common ion effect 313 Galvanic action 

372 Faraday’s law 312 X-rays 

371 Sulfur chemistry 310 Air, fractional distillation 

370 Anhydrides, acid and basic 310 Hydrogen peroxide 

369 Alkali metals chemistry chemist 

369 Equivalent weights 310 Copper an a silver chemistry 

368 Law of combining volumes 310 Nuclear energy 

368 Nomenclature, inorganic 308 Brownian motion 

367 Atomic weight 306 Zine chemistry 
determinations 305 Half-life period 

366 Electrolytic conduction 304 Dipoles 

364 Electricity from reactions 304 Cation identification tests 

363 Nitric acid and N oxi 304 Henry’s law 

361 Le Chatelier’s principle 303 Silicon chemistry 

359 Ammonia 301 Common ion effect 

358 Inorganic carbon chemistry 300 Anion identification tests 

358 Scientific method 298 Crystal structure 

356 Bronsted acid, definition 298 Hydrides 

355 Arrhenius’ theory 298 Hydrolysis, degree of 

354 Dalton’s atomic theory 298 Law of Buiong an and Petit 

353 Composition of air 298 Raoult’s law 

353 Types of 297 experiment 

352 Atmospher 296 Metallurgy 

352 ‘Alkaline carth metals 296 Water hardness 
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295 Classifications of organics 227 Goldschmidt 

294 Flame tests 227 Poymers 

294 Boron chemistry 227 Resonance 

294 Van der Waals’ forces 226 Carbohydrates 

292 As, Sb, and Bi chemistry 224 Magnetism and structure 

292 Metallic conduction 222 Radioactive dating 

291 Hydrolysis constant 222 Constant boiling mixtures 

290 Cation analytic separation 221 Isomorphism 

290 Osmotic pressure 220 Tracer techniques 

289 Mercury chemistry 218 potential 

289 Lead chemistry 218 Photochemistry 

288 Isomerism, organic 217 Proteins 

286 Chromium chemistry 217 Refrigeran gases 

286 Manganese chemistry 216 Germanium chemistry 

286 Einstein equation 214 Activities of ions 

286 Chain reactions 214 Ion exchange resins 

285 Fusion and atomic energy 206 Eutectis 

284 Tin chemistry 204 Cannizzaro’s method 

280 Mass spectrograph 203 Detergents 

279 Cobalt and mckel chemistry 203 Photoelectric effect 

278 Lewis acids, definition 201 Rare earths chemistry 

275 Activation energy 200 Equivalent conductance 

273 Adsorption 200 Pauli exclusion principle 

273 Atomic bomb 197 Partition 

272 Hydrogen electrode 195 Extraction and partition 

272 Spectra, origin 193 Stereochemistry 

271 Dipole moments of molecules 19i Van der Waals’ equation 

268 Isomerism, genera! 188 Bragg’s law 

266 Critical constants 187 Maxwell distribution law 

266 Reaction kinetics 184 Activity coefficient 

265 History of chemistry 184 Antibiotics 

262 Nomenclature, organic 183 Dew point 

258 Cadmium chemistry 183 Phase diagrams 

258 Mass defect 182 Photography chemistry 

257 Coordination theory 180 Ostwald dilution law 

253 Humidity 176 Biographies of chemists 

253 ~Law of van’t Hoff 176 Electron diffraction 

253 ——— numbers 175 Cellulose products 

253 hermochemical equations 166 Mineral names 

252 Organic class reactions 154 K-electron capture 

252 Gold chemistry 150 Phase rule 

250 Hess’ law 149 Age of minerals 

249 Alums 149 Biochemistry 

248 Calorimetry 148 Lanthanide contraction 

248 Fractional distillation 144 Acheson process 

247 140 Optical activity 

246 llium chemist 137 Aromaticity 

244 fe rocarbon cracking 135 Air conditioning 

242 Subatomic particle 133 Meson theory 
accelerators 131 Case hardening 

242 Crookes tubes ‘125 ~Free energy 

240 Photosynthesis 124 Cloud chamber 

234 Cycles in nature 124 Chemotherapy 

230 Oil drop experiment 124 Enantiotropy 

230 Packing fraction 124 Thermodynamics 

229 Platinum metals chemistry 117 Fajan’s rules 

229 Distillation liquid mixtures 116 Entropy 

228 Flotation 95 Dyes 
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Edward A. Fletcher 
University of Minnesota 
Minneapolis 


This paper has two objectives: To 
introduce to chemistry students and their instructors 
some thermodynamic ideas which are usually not pre- 
sented in chemistry curriculums, suggesting that they 
have enough philosophical and practical significance so 
that their inclusion in courses in physical chemistry and 
thermodynamics is justified from the pedagogical stand- 
point; and to point out that familiarity with these ideas 
is of value to the chemist. It can help him communi- 
cate with others who are familar with these concepts 
and who use them. It may suggest new techniques for 
studying thermodynamic and kinetic problems in 
which flowing gas streams are used as the tools. 

Traditionally, courses in chemical thermodynamics 
and physical chemistry are concerned with static sys- 
tems, i.e. systems that are at rest with respect to the 
observer. I would like to suggest in this paper, how- 
ever, that a study of gaseous thermodynamic systems is 
not complete or even adequate unless it includes some 
elements of gas dynamics. Many chemists, even those 
with advanced degrees, are unaware that there is a 
branch of thermodynamics that deals with gases in mo- 
tion, and that the physical laws and mathematical ex- 
pressions used to describe it are no less exact and orderly 
than those of traditional chemical thermodynamics. 

Many textbook authors in emphasizing important 
points go so far as to make statements which, while 
they are certainly true, practically preclude the pos- 
sibility that a student will discover, even accidently, 
gas dynamics. Two ideas frequently found in text- 
books may be cited as examples: 


Isentropic processes must take place infinitely slowly. 
They never occur in rapidly changing systems. 

The internal energy and heat content (enthalpy) of an 
ideal gas depend only on the temperature in the absence of 
gravitational fields, etc. 


There is no argument with the validity of the first 
statement. Nevertheless, it might be criticized. It 
creates in the student mind the impression that very 
nearly isentropic processes have significance only in the 
imaginary situations created by the chemist as an aid to 
computations. “Almost infinitely slowly,” in many 
situations, however, might mean “quite rapidly.” 
Real systems, e.g. gases flowing at high velocities in 
pipes, frequently undergo almost isentropic changes in- 
volving very large pressure and temperature changes 
in times of the order of milliseconds. 

The second statement is true by definition. Implicit 
in most formulations of this statement is the idea that 


Presented before the Division of Chemical Education at the 
meeting of the ACS, April, 1960, Cleveland, Ohio. 


Total and Static Thermodynamic Properties 


Old gas dynamic properties which 
may be new to the chemist 


by internal energy is meant all the energy of the sub- 
stance above that amount that it contains at some arbi- 
trary temperature. The total amount of such energy 
that a gas contains (which may include energy of motion 
of the gas as a whole) is usually ignored. Moreover, 
the probability that the student may examine the con- 
sequences of the gas being in motion is minimized. He 
is not even told that the equations he is about to study 
apply only to a gas at rest and to some of the properties 
of a gas in motion. 


Total and Static Temperature and Pressure 


Temperature and Mach Number. Physical chem- 
istry texts traditionally cite two conditions that 
must be met if a gas is to be considered an 
ideal gas. It must be described by the equation pV 
= nRT, and the internal energy and enthalpy must de- 
pend only on the temperature. The second assumption 
implies that the gas may not be in motion, for if it were 
in motion, our definition of temperature would be am- 
biguous. 

Consider, for example, a well insulated box contain- 
ing one mole of an ideal monatomic gas at rest. The 
box also contains a thermometer. By our second con- 
dition for describing a perfect gas, the kinetic energy 
of the atoms in the box is '/2Nmc? = */,RT. (Tradi- 
tional notation is being used here.) The enthalpy is 
E+ PV = '/.RT. Let the box containing the gas 
now be slowly accelerated to some velocity, for example 
c, the root mean square velocity of the atoms in the 
box. The thermometer will register no change in tem- 
perature, inasmuch as there was no mechanism by which 
heat could be transferred through the walls of the box. 
But the atoms in the box now have associated with them 
twice the kinetic energy they had when the box was 
standing still, and, by definition, 1.6 times the enthalpy 
(pV has not changed, of course). We are now faced 
with the problem of describing the temperature of the 
gas in the box. Is it 7, 27, or 1.67? The answer is 
that the gas can be characterized by reference to several 
temperatures. 

If the gas is flowing through an adiabatic pipe in 
which the only work involved is that of the gas working 
to change its own velocity, two temperatures are suffi- 
cient. These temperatures are: 

The temperature that the molecules of gas themselves feel, 
called the static temperature. This is the temperature that 
determines all the properties that are usually associated with 
temperature, e.g. the rates of chemical reactions, vapor pressures 
of solid or liquid particles entrained in the stream, etc. It is 
also the temperature that is used with the static pressure (to be 
described below) in the equation of state. 

The temperature that the molecules would feel if the gas were 
adiabatically brought to rest, called the total, or stagnation 
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temperature. The total temperature, being a measure of all of 
the energy associated with a given mass of gas, above some 
arbitrary reference state having a (defined) energy of zero, is 
the property that is conserved as a gas flows through an adiabatic 
pipe, regardless of how variations of the pipe’s geometry may 
change the velocity of the gas and consequently its static tem- 
perature. 


The relationship between the static and total tem- 
perature is very easily derived from a consideration of 
the conservation of energy. Consider a gas flowing 
through an adiabatic pipe. If the pipe has a variable 
cross sectional area, the velocity of the gas in the pipe 
will change as it moves from point to point in the pipe. 
However, when the gas speeds up, the static tempera- 
ture must go down, because the pipe is adiabatic and 
any increase in kinetic energy of the volume element of 
the gas must be at the expense of the chaotic kinetic 
energy of the individual molecules. (This example dif- 
fers from the previous example in that the gas itself is 
supplying the work of expansion necessary to accelerate 
itself.) We are in this case concerned with changes in 
E+ pV =H. This relationship can be expressed by 
the equation 


+ mh, = + mhz 


where m is the mass of gas in a given volume element, 
the v’s are the velocities of the gas at observation 
stations 1 and 2, and the h’s are the specific en- 


T 
thalpies, f, cp dT. The first term on each side of 


this equation is the kinetic energy associated with a 
packet of gas of mass m moving as a whole; the second 
term is the thermal energy the gas has by virtue of the 
fact that it is at some temperature above absolute zero. 
The sum of these two terms is thus all of its energy 
(insofar as we are in this case concerning ourselves only 
with these two kinds of energy) and is called the total 


- enthalpy of the gas. Since m appears in all the terms 


of this equation, it may be cancelled out and 


v,? 


hh =h (1) 


where Ah is the change of enthalpy undergone by unit 
mass of the gas in moving from station 1 to 2 in the pipe. 
If c,, the specific heat of the gas, is assumed constant 
over the temperature range covered from station 1 to 
station 2, 


T: 
fp coat = ¢>(T: — T;) 
1 


Substitution of this expression for Ah into equation (1) 
yields: 


— v2 = 2¢(T2 — Ti) (2) 


Equation (2) relates the velocity and temperature of 
the gas in any section of an adiabatic pipe to the velocity 
and temperature in any other section. 

Equation (2) permits us to relate the total or stag- 
nation temperature to the static temperature and veloc- 
ity of the gas. Let us now slow down the gas at station 
1. This can be done, if flow is subsonic, merely by en- 
larging the pipe at station 1. If the flow is supersonic, 
it is necessary to generate a shock wave in the stream 
to slow it down and then let it flow into the enlarged 
section. This process can be adiabatic, but it is not 
isentropic. If v; is made very small compared with v2, 
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it can be neglected. 7’, becomes the total temperature, 
T, and equation 2 becomes 


= 2c Tr — T2) (3) 


where v. and T, are the velocity and temperature at 
station 2. Equation (3) can be written 


2 
Tr = 7: (1+ (4) 

Equation (4) gives the total temperature explicitly as 
a function of the velocity, static temperature, and 
specific heat of the gas. Since 7’, is a conserved prop- 
erty of the system, it can be used to calculate the rela- 
tionship between temperature and velocity in any other 
part of the system. In this case, when 1? = c? = 
3RT./Nm and cp = */2R, the term v,?/2 cp becomes 
0.6 and = 1.6 T>2. 

Gas dynamicists usually take equation (4) one step 
further to non-dimensionalize it and thus make it 
completely independent of the units that are used to 
express the variables. It will be recognized that cp T2 
= ap*/(y — 1) where a is the speed of sound in the 
gas at station 2 and 7 is the ratio of the heat capacities 
Cp/C>. Equation (4) then becomes 


2a? 
Tr y-1 
7, (1+ Me) 


where M, = v2/d2. Mz is thus the ratio of the velocity 
of the gas stream to the speed of sound in the stream at 
station 2. It is called the Mach number at station 2. 
The Mach number is a very useful parameter. Gases 
having similar y’s will have similar ratios of many of 
their variables at similar Mach numbers. For ex- 
ample, helium at a static temperature of 300°K at a 
Mach number of two will have the same ratio of total 
to static temperature as helium at a static temperature 
of 1200°K flowing at a Mach number of two, even 
though the actual velocity of the helium in the second 
case will be twice that in the first. Although the speed 
of sound in hydrogen is greater than four times that in 
hydrogen chloride at room temperature, their tem- 
perature ratios will be similar at similar Mach numbers 
in spite of the four-fold difference in velocity. Carbon 
dioxide, water, nitrous oxide, sulfur dioxide, and hydro- 
gen sulfide, form another group of gases that will be- 
have similarly near room temperature. A plot of the 
ratio T,/T, as a function of Mach number is given in 
the figure for various values of y. The plot suggests 
that even for only moderately high Mach number flows, 
the temperature ratios are appreciable, e.g. air (y = 1.4), 
initially at 500°K would be cooled to room temperature 
by allowing it to flow through a properly designed pipe 
where it is accelerated to a Mach number of about 1.8. 
Air could be cooled from 1000°K to room temperature 
by allowing it to accelerate to a Mach number of about 
3.4. This would require the diameter of the pipe to 
vary by a factor of only about 2.5. Of course, if it is 
necessary to slow down the gas so that it may be 
studied, the temperature will rise again unless some 
provision has been made to remove heat from it while it 
is traveling at high velocity. 

Pressure. If we consider an adiabatic and isen- 
tropic system, the static pressures and static tempera- 
tures at any two locations in the pipe must be related 


(5) 
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5) 


If the gas is at rest at sta tion 1 ’ 
-1 
(6) 


Substitution from equation (6) into equation (5) gives 
the ratio of the total pressure to the static pressure at 
any point in the stream in terms of the Mach number. 
2 


“4 = (1 + (7) 
Because y must always lie between 1 and 1.67, ¥/(v 
— 1) will always be greater than 1. Thus the pressure 
ratio, pr/ pe, will always be greater than the correspond- 
ing temperature ratio 7',/T». 
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Variation of static/total temperature ratio with Mach number. 


Significance to the Chemist 


Aside from any pedagogic value these thermodynamic 
properties may have, they are useful tools that should 
not be denied the chemist. They may suggest valuable 
techniques for sampling high temperature gaseous mix- 
tures or quenching chemical reactions for example.' 
This is a direct result of the fact that both the tempera- 
ture and pressure change in such a way that chemical 
reactions are slowed down as the velocity of the gas 
stream is allowed to increase. 

If the rate of a gas phase chemical reaction is given 
by: 


rate « pre 


where n is the order of the reaction and £ is the activa- 
tion energy, 


rater _ ny y-1 E(xv-1 
In (1 Mz) + 5 (8) 


where the ratio of the rate of a given chemical reaction 
in a stagnation region (rater) to the rate in any other 


1 For example, the latest of a series of such studies is described 
by WeceEner, Peter P., ARS Journal, 30, 322 (1960). 


part of the pipe (rate2) is given by equation (8). The 
effect that increasing that Mach number of the gas 
has on gas phase kinetics is shown by the illustration 
in the table. Here we have tabulated the normalized 
(to 2000°K) rate of a second order gas phase reaction 
having an activation energy of about 40 kcal. 


Table 1. Variation of Reaction Rate with Mach Number 


Rate 
(rate at 2000°K = 1 


M in static system) 
0.0 1.0 

0.5 0.43 

1.0 0.04 

3.0 107}! 


The implication of Table 1 is that the rate of this 
chemical reaction could be lowered by a factor of about 
25 merely by permitting the gas to flow through a 
critical flow orifice, i.e., an orifice small enough that the 
pressure is reduced by about one half for most gases, 
and it could be slowed down by a factor of 10"! by allow- 
ing it to accelerate to a Mach number of 3 through a 
suitably designed nozzle. Attempts have been made to 
take advantage of these phenomena in studying the 
composition of high temperature gases and in conduct- 
ing chemical syntheses? of substances which can ordi- 
narily not be isolated from a reacting mixture while the 
mixture is being cooled down. Here again, the chemist 
must use his ingenuity to devise techniques for remov- 
ing heat from the flowing gas while it is moving at the 
high velocity so that it will not be heated to too high a 
temperature when it is finally slowed down. 

One word of caution should be injected at this point. 
The treatment given in this paper is highly simplified. 
It has been essentially a one-dimensional treatment. 
It has neglected the effects of some extremely important 
properties of gaseous systems such as viscosity. It has 
assumed ideal gas behavior and constant heat capaci- 
ties. The nature of real systems will perturb the glib 
conclusions drawn in this paper to some extent, but not. 
too much; they should be considered at least the 
minimum gas dynamic tools of the well traifed chemist. 


Suggestions for Further Reading: 


Haut, N. A. anp IBEE, W. E., “Engineering Thermodynamics,” 
Prentice-Hall, Inc., Englewood Cliffs, N. J., 1960, Chap. 16. 
Lez, J. F. anp Sears, F. W., “Thermodynamics,’’ Addison- 
Wesley Publishing Company, Inc., Reading, Mass., 1957, pp. 

107, 170, 228 et seq. 

Soo, 8. L., “Thermodynamics of Engineering Science,’’ Prentice- 
Hall, Inc., Englewood Cliffs, N. J., 1958, Chaps. 3, 13. 

LimpMANN, H. W. anp Puckett, A. E., “Introduction to Aero- 
dynamics of a Compressible Fluid,” John Wiiey and Sons, 
Inc., New York, 1947. 

Ames Research Staff, “Equations, Tables, and Charts for Com- 
pressible Flow,”’ Report 1135 of the National Advisory Com- 
mittee for Aeronautics, Washington, D. C., 1953. (May be 
obtained from the Supt. of Documents, U. 8. Government 
Printing Office, Washington 25, D. C.) 


? For example, WEISENBERG, J. J.,. AND WINTERNITz, P. F., 
“The Rocket Motor as a Chemical Reactor,” Sixth Symposium 
(International) on Combustion, Reinhold Publishing Corpora- 
tion, N. Y., 1957, pp. 813-21. 
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The subject of ionic equilibria is treated 
in three of a student’s undergraduate chemistry courses: 
General, Analytical, and Physical Chemistry. The 
idea of activity and the use of activity coefficients are 
often introduced at the same time. Because the type 
of chemistry covered in these undergraduate courses 
is largely limited to that in aqueous solutions, a great 
deal of emphasis is placed on the ionization of water. 
Many phenomena are treated in the light of this fact. 
As a result, the student is confronted early in his career 
with the ionization constant of water. A survey of 
textbooks shows, however, that in many the treat- 
ment of this topic is simplified without the student 
being made aware of the approximation. While the 
effect of concentration on the value of the activity co- 
efficient is usually discussed in connection with other 
ionic equilibria, it is often forgotten or neglected when 
the ionization of water is considered. As a result some 
textbooks' contain a statement to the effect that the 
ion product value of water is a constant under all con- 
ditions at a given temperature. 
The ionization of water can be represented as 


H.0 ~ H++OH- (1) 


More molecules of water may be involved, depending 


on the extent of hydration of the ions. Since the de- 


gree of this hydration is not known exactly, ue 
(1) already is an approximation. 
The ionization constant expression is then 
_ *-GoR~ 
Kw = eo (2) 
In pure water @4,0 is unity and in dilute aqueous solu- 
tions this term is approximately equal to unity. Con- 
sequently, the expression can be simplified to 


Most textbooks present equation (3) but in some no 
attention is called to the fact that this ion product is a 


constant only in pure water or in very dilute solutions. 
The correct expression is 


Kwan.0 = @4+-dou- (4) 


Practically all textbooks use 1.008 XK 10~'4 as the 
value for K, at 25°C. This was determined by Harned 


Suggestions of material suitable for this column, and guest col- 
umns suitable for publication directly, are eagerly solicited. 
They should be sent with as many details as possible, and particu- 
larly with references to modern textbooks, to Karol J. Mysels, 
Department of Chemistry, University of Southern California, 
Los Angeles 7, California. 

1 Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual texts, 
the source of errors discussed will not be cited. To be presented 
the error must occur in at least two independent standard books. 
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Textbook Errors, 30 


The lonization Constant of Water 


and Hamer (/). Only in dilute solutions or in pure 
water is this equal to the ion product of water. At 
moderate concentrations the ion product differs sig- 
nificantly from this. Thus, in 1 M KOH, dg. = 
0.963 (2). The product of the ionic activities is then 
equal to 1.008 K 10-" X 0.963 = 0.971 X 10-™. 
As the concentration of the KOH increases this number 
becomes smaller. 

Under those conditions for which the product of the 
ionic activities is equal to K, it follows also that 


pH + pOH = 14 (5) 

For more concentrated solutions, however, the relation- 
ship is 

pH + pOH = 14 — log an.o (6) 

Furthermore, if this distinction is kept in mind it is 

easier to arrive at the correct expression for the stand- 


ard emf of the hydrogen electrode in alkaline solutions. 
We begin with the reaction 


H. 2H* + 2e (7) 
For this reaction at 25°C., 


_" E = 0.02958 log ay, — 0.05916 log ay+ (8) 


From equation (2) 
an+ = Kwdu,0/dou- (9) 
Substituting this in equation (8) gives 
E = 0.8282 + 0.05916 log aon- + 
0.02958 log au, — 0.05916 log ay,0 (10) 


This is in accord with equation (11) given by Latimer 
(3) for the reaction at the hydrogen electrode in alkaline 
solutions: 


H, + 20H- — 2H,0 + 2¢ (11) 


If one uses the assumption that K, equals the ion 
product, then the last term in equation (10) drops out 
of the expression. 

Equation (2) can also be written 


Kw = (ma+-mon *You-/@H,0) (12) 


The term (Yq+.Yon-/@u,0) has been evaluated under 
a variety of conditions. It is dependent on the value 
of the radii of the ions in solution. Even in solutions 
having an ionic strength less than 0.25 the deviation 
becomes appreciable (4). 

It is true that for work in dilute solutions these dif- 
ferences are small, but the student should be made 
aware of approximations that are made. The treat- 
ment of the ion product constant of water thus affords 
the teacher an excellent opportunity to point out the 
fact that though the activity of a pure substance is 
unity, this value changes as contaminants are added. 


| 
| 
| 
| 
| 
’ 


(8) 


(9) 


The author wishes to thank Dr. W. J. Hamer and (2) Axertor, G. C., anp Benver, P., J. Am. Chem. Soc., 70, 


. , 2366 (1948). 
Dr. K. J. Mysels for their help in the preparation of (3) Lavnasr, Wenpett M., “Oxidation Potentials,” 2nd ed., 


this material. Prentice Hall, Englewood Cliffs, N. J., 1952, p. 32. 
.(4) Harnep, H. S., anp Owen, B. B., “Physical Chemistry of 
Literature Cited Electrolytic Solutions,” 2nd ed., Reinhold Publishing 
(1) Harnep, H. S., anp Hamer, W. J., J. Am. Chem. Soc., 55, Corp., New York, 1950, p. 488. 
2194 (1933). : 
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John J. MeKetta ond A Flexible Undergraduate 


Robert S. Schechter 
The University of Texas 


Austin Chemical Engineering Program 


l. today’s rapidly developing tech- be rediscovered by each student. It is these funda- 
nology the engineer is often faced with problems which mentals which comprise the foundation of engineering 
bear little resemblance to those considered as a student. analysis and as a consequence must be stressed in a 
Indeed the only reliable ‘‘tools” which the student de- well developed program. This portion of the curricu- 
velops during his university career are his knowledge of lum must be completed by each student and there can 
the fundamentals of science and the techniques of be no flexibility in this area. 
synthesis and optimization. Furthermore, each engi- In addition to the fundamental and technical work, 
neer must be well versed in broad areas of science and studies in advanced English, the humanities, and social 
mathematics in order to be prepared to meet this sciences should also be required. These courses pro- 
challenge. Thus much of the traditional training of- vide the basis of the broad education which is required 
fered in the standard engineering curricula is losing the of each practicing engineer. Although the student 
importance which was once attached to this phase of may be allowed some freedom in selecting the particular 
engineering education. non-technical courses to be included in his program, the 

The chemical engineering faculty at The University total number of these courses should be specified. 
of Texas recognized these trends some years ago and, a8 Finally, it was noted that a good curriculum is one 
a result of a rather intensive study, concluded that the which is being studied and reviewed continuously. 
formulation of a curriculum at a state supported uni- The faculty must insure that the prescribed work ac- 
versity should be governed by several principles. complishes the desirable objectives without duplication 
Flexibility was deemed one of the most important fea- or inefficient arrangements. In other words, a curricu- 
tures of a good program. The students who matricu- lum must be a living program which reacts to the new 
late in chemical engineering at Texas (or any state discoveries and developments of science and engineer- 


supported school) have widely divergent backgrounds, ing. 
interests, abilities, and training. It is impossible to 
design a fixed curriculum which would fit the needs of The Required Core Curriculum 


each student; hence a good program must be flexible The present program at The University of Texas is a 
enough to permit the individual student to pursue his combination of required work and electives. The re- 
own interests. quired work or core curriculum consists of 118 semester 

Secondly, there are certain fundamentals which must hours with approximately 50% in mathematics and 


Core Curriculum (1 13Credits) 


Thermodynamics and Ch.E. Calculations.............. 6 Non-Technical Subjects 
Strength of Materials... 3 
8 quired for admission to the College of Engineering. 
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Block Courses (21 Credits) 


I. Chemical Engineering 
Process Theory 
Process Evaluation 
Advanced Thermodynamics and Kinetics 
Mathematics 
Advanced Calculus 
Vector and Tensor Analysis 
Complex Variables 
Fourier Series and LaPlace Transforms 


II. Chemical Engineering 
Process Theory 
Advanced Thermodynamics and Kinetics 
Water Treatment Engineering and Corrosion 
Mathematics 
Statistics 
Chemistry 
Petrochemicals 
Principles of Colloid Chemistry 
Inorganic Chemistry 


III. Chemical Engineerin 
Advanced and Kinetics 
Automatic Control 
Basis for Reactions in Solids 
Water Treatment Engineering Corrosion 
Mathematics 
Advanced Calculus 
Management Engineering 
Industrial Management 


IV. Physics 
- Atoms and Electrons 
Introduction to Nuclear Physics 
Chemical Engineering 
Nuclear Engineering 
Nuclear Fuel Processing 
Mathematics. 
Advanced Calculus 
Approved elective in Electrical Engineering 


V. Chemical Engineering 

Basis for Reactions in Solids 
Micaceous Minerals 
X-Ray Analysis 
Thermochemical Mineralogy 

Physics 
Atoms and Electrons 

Approved elective in Electrical Engineering 


VI. Psychology 
ntroduction to Psychology 
Management Engineering 
Industrial Management 
Business Law 
Language 
Advanced Economics 
Advanced English 


VII. Any three courses, Sophomore rank or higher, which are 
approved by the Departmental Chairman and for which 
the student has the prerequisite. 


science, 30% in engineering and design and 20% in 
non-technical subjects. A detailed outline of the core 
curriculum is given in the table. These required 
courses have been carefully selected to fulfill the re- 
quirements set forth in the preceding paragraphs. 

There are a number of changes in this listing of 
courses as compared to the requirements of previous 
years. Notable changes include the addition of a course 


- dealing with the solid state and one in integrated design. 


However, the general features of the program are still 
quite similar to the “standard” chemical engineering 
curriculum. 

It should be emphasized that the undergraduate 
engineering program at Texas is four years in length and 
the work has been carefully tailored to fit into this time 
schedule. To conform to this schedule, algebra and 
trigonometry will be required for admission to the 
College of Engineering beginning in 1962 and will no 
longer be a part of the college-level required work. 
Equivalent courses will be offered in the high schools. 


The Block Electives 


The elective program consists of 21 hours to be se- 
lected by each student with the approval of his ad- 
visor. The option courses are arranged into “blocks ”’ 
each block having an underlying theme. Generally 
the student will be required to take 12 semester hours 
from any one block and 9 semester hours from any other 
block. This arrangement was devised to prevent the 
student from “squandering” his available time on a 
number of diverse topics rather than concentrating his 
efforts on one or two specific areas. Certainly the 
student will not attain the status of a specialist in this 
way, but at least he will achieve some proficiency and 
understanding in his areas of interest. Some students 
of unusual capabilities and those students with a defi- 
nite goal in mind will be permitted to select all 21 
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hours from one block of courses if desired. Further- 
more, there is some freedom in formulating new se- 
quences or blocks of courses to meet the needs of those 
students with special interests such as bio-engineering, 
fluid mechanics, communications, reservoir engineering, 
etc. 

The structure of the option program is unique. This 
system permits a great deal of flexibility on the student’s 
part but still allows the advisor some measure of con- 
trol. To achieve this flexibility, a number of courses 
must be deleted from the standard engineering cur- 
riculum. Decisions assessing the worth of individual 
courses must be based on the principles which have 
been stated in previous paragraphs. However, the 
faculty at Texas feels that the values which were lost 
by dropping certain required courses from the curricu- 
lum will be more than compensated by the advantages 
of the option program. 

As examples, seven blocks of electives are given in 
the table. A brief examination of each of these blocks 
will reveal the theme which they are intended to repre- 
sent. It should be reiterated that the blocks of courses 
shown here are suggested listings; other arrangements 
are possible for students who might have other interests. 
Another notable feature of the option program is that 
the courses are not necessarily of technical nature. 
For example, interested students may elect to study 
various aspects of industrial management and business 
procedures. This feature of the option program is 
emphasized by Block VI. 

This curriculum was first offered to chemical engi- 
neering students entering the university in the fall of 
1960. The chemical engineering faculty feels that this 
type of program, with increased emphasis on the funda- 
mentals of science and engineering, is geared to educate 
engineers capable of resolving the problems of modern 
technology. 
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S. J. Gill 


University of Colorado 


Boulder with an “Eskimo Yo-Yo” 


I. 1822 A. Fresnel! explained optical 
rotation by representing plane polarized light as a 
combination of two circularly polarized waves. A rota- 
tion of the plane, defined by the components of the 
left and right circularly polarized waves, occurs when 
one of the waves is slowed with respect to the other. 
If one wave is retarded a full wavelength in traveling 
through an optically active medium of length /, then 
the plane of linear polarization is rotated w radians. 
In general, the difference of the number of waves 
of left and right circular light of wavelengths \, and 
d, will be 1[(1/A,) — (1/A,)], so the left angular rotation 
of the plane is 


This rotation is often expressed in terms of the refractive 
indices n,; and n, for the respective waves. Since the 
wavelength is inversely proportional to the refractive 
index and directly proportional to the wavelength 
in vacuo, the rotation is given by 


In 


n 


az 


A demonstration of these concepts can be performed 
with a toy called the “Eskimo yo-yo.’ It consists of 


HANDLE 
w ! 
\ / 
/ 

/ 

gz 

Figure 1. lilustration of “Eskimo yo-yo.” Handle is moved up and down 


to provide synchronous rotation of balls. 


two rubber balls, each attached to one end of a five-foot 
plastic string. A handle is fixed near the middle of the 


1 FRESNEL, A., “Oeuvres completes d’Augustin Fresnel,’’ 1, 
No. XXVIII, 1822, pp. 731-51; see also Lowry, T. M., “Optical 
Rotatory Power,’’ Longmans, Green and Co., Inc., New York, 
1935, pp. 13-20. 

2 A model called the “Eskimo Go”’ is manufactured by Creative 
Capers, Claremont, California. 


A Demonstration of Optical Rotation 


string. Both balls are swung in opposite directions, 
and by moving the handle in an up and down motion, 
the balls can be made to travel a circular path in perfect 
synchrony (see Figure 1). 

The synchronous rotation of the balls illustrates the 
effect of the two circularly polarized beams of light. 
The up and down motion of the hand defines the 
direction of linear polarization. A feeling for this 
plane is particularly evident from the action of the 
toy. To represent the forward motion of a beam of 
plane polarized light, the operator of the yo-yo walks 
forward so the rotating balls trace two helical paths. 
The effect of optical rotation may be demonstrated by 
slowing the rotation of one ball for a moment so that the 
linear action of the hand is rotated to another angle. 
This works best going from an up and down motion to a 
horizontal motion, which corresponds to an optical 
rotation of 90°. A45° rotation is shown in Figure 2. 

Occasionally the balls collide, particularly during 
the demonstration of optical rotation. This catastrophe 
seems to add to the class’s enjoyment of the dem- 
onstration, mostly by way of the lecturer’s plight. 
It is only fair to say that some practice is needed to 
operate an ‘‘Eskimo yo-yo,” but the results seem to be 
worth the trouble. 


Figure 2. Plane polarized light formed from two in-phase circular compo- 
nents. Circular components are illustrated by rotating balls. Top figures 
indicate the state of vertical polarization. Bottom figures indicate polariza- 
tion at — 45° and may be obtained from the vertical state when the coun- 
terclockwise component undergoes a relative speed-up of 90° with respect 
te the clockwise component. 
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E. L. Martin and 

K. E. Bentley 
University of New Mexico 
Albuquerque 


Votumetric solutions of strong reducing 
agents are seldom used in analytical laboratory courses 
because of the difficulty of protecting these reagents 
from the air. Although several systems for work 
with oxygen-sensitive volumetric solutions are de- 
scribed in the literature,'~* most of these require 
special equipment and glass-blowing skill beyond that 
of the student. The apparatus we describe here is 
for inert atmosphere storage and titration, and is easily 
constructed from components available in the average 
college laboratory. 

The apparatus was developed to facilitate the prep- 
aration, storage, and use of vanadium(II) solutions. 
It consists of an upward-flow reductor, a storage reser- 
voir and delivery system, and a titration flask. Two 
modifications of the reservoir-delivery system are 
described: a gravity-flow (stationary) system, and 
a pressure-flow (portable) system. All phases of 
operation, from production of reducing agent to ti- 
tration, are carried out in an inert atmosphere of 
gaseous nitrogen. 


The Upward-Flow Reductor 


The reductor (Fig. 1) consists of a gallon bottle to 
. hold the solution to be reduced, and a 2 cm X 30 cm 
column packed with 5% amalgamated zinc (20-mesh) 
held in place by glass wool plugs at top and bottom. 
The exit tube from the column should be of small 
outside diameter; usually 4-mm tubing is satisfactory. 

After the solution to be reduced is introduced through 
funnel A, S-1 is closed and gas pressure applied at B 
with screw clamp C open. The screw clamp is then 
manipulated to adjust the flow rate of solution through 
the reducing column, D. 


The Reservoir-Delivery System 


The Gravity-Flow Reservoir. The principal parts of 
the gravity-flow reservoir (Fig. 2) are a stoppered 
gallon bottle containing a pressure regulator, a second 
gallon bottle to serve as the reservoir proper, and a 
50-ml, side-arm buret. The pressure regulator is a 
large test tube filled with mercury, in which is immersed 
a length of tubing extending out through the stopper of 
the bottle. Mounted in the stopper of the reservoir 
bottle are a tube, F’, of large enough inside diameter to 
admit the exit tube of the reductor; a lead-in, J, from 


1 Stone, H. W., anp BEEson, C., Ind. Eng. Chem., Anal. Ed., 
8, 188 (1936). 

2? Linaane, J. J., AND Pecsox, R. L., Anal. Chem., 20, 425 
(1948). 

3 Strong, H. W., Anal. Chem., 20, 747 (1948). 

4 McEwen, D. L., anp DeVrigs, T., Anal. Chem., 30, 1889 
(1958). 


264 / Journal of Chemical Education 


Apparatus for Oxygen-Sensitive 
Volumetric Solutions 


the pressure regulator; and a sintered-glass gas bubbler, 
G. 

The buret tip was cut off and a thick-walled capillary 
drawn and bent to make an offset buret tip which is 
attached by means of a piece of Tygon tubing. The 
tip therefore enters the titration flask more easily and 
the buret does not become warm when titrations are 
run at elevated temperatures. 

All rubber tubing connections are made with pres- 


‘sure tubing that has been saturated with paraffin. It 
__ is advisable that all stoppers be wired in position. 


To fill the reservoir, nitrogen pressure is applied at EF 
with screw clamp F open, allowing a slow but continuous 
flow of gas from the reservoir. The exit tube of the 
reductor is extended into the reservoir through F. 
Gas pressure is then applied at B (Fig. 1), forcing the 
solution to be reduced through the reduetor and filling 
the reservoir with reduced solution. If the solution 
in the reservoir is not homogeneous, it is stirred by 
bubbling nitrogen through G. 

To fill the buret, nitrogen pressure is increased in the 
reservoir by turning S-2 so that the nitrogen passes 
through J. The screw clamps F and K are closed and 
Lis opened. The stopcock of the buret is opened until 
a siphon is created from the reservoir to the buret. 
Then the stopcock of the buret is closed and screw 
clamp K is opened. Screw clamp L is closed when the 
buret is filled. 

The Pressure-Flow Reservoir. The essential parts of 
the pressure-flow reservoir (Fig. 3) are the same as 
those of the gravity-flow reservoir, the principal differ- 
ence between the two being that the pressure-flow sys- 
tem is mounted on a single buret stand for easy port- 
ability. The reservoir is charged, and the content is 
stirred, in the same manner as for the gravity-flow 
system. 

To fill the buret, S-3 is turned to direct the entering 
nitrogen into the reservoir and not into the pressure 
regulator; screw clamp M is closed and P is opened, 
the buret stopcock is closed, and S-4 is closed. When 
the buret is filled, screw clamp P is closed and S-3 
opened at all three ports. Then S-4 is opened, a 
pressure head of mercury is built up, S-3 is rotated 
180°, and the nitrogen line may be removed. 


The Titration Flask 


A 300-ml three-necked flask (Fig. 4) has been found 
to be the most convenient for electrometric titrations 
in an inert atmosphere.? Inserted into the stopper of 
one neck is a short piece of glass tubing of sufficient 
inside diameter to admit the buret tip and serve as a 
gas exit at the same time. In the stopper of the center 
neck are a thermometer, a gas-entrance tube, and an 
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Figure 1. Reductor. 


opening for an indicator electrode. The stopper of the 
third neck holds one arm of a bridge to a reference elec- 
trode. The arms of the bridge are sealed at the ends 
by sintered-glass disks. 


Use of Apparatus with vill) Solutions 


Vanadium(II) is one of the most powerful inorganic 
reductants available as a volumetric solution. Vana- 
dium(II) is thermodynamically capable of reducing 
hydrogen ion in acid solution, 


and vanadium(II) and (III) are sensitive to air oxida- 
tion. 

2V+*+ + 1/,.0. + 2H*+ = 2V+3 + HO. 

2V+*3 + 1/.0. + HO = 2VOt*+ + 


The stability of a vanadium(II) solution in the grav- 
ity-flow reservoir system was studied over a period of 
several days. Vanadium(II) concentration was de- 
termined by titration of a standard permanganate 
solution. End points were measured electrometrically 
using a vacuum-tube-voltmeter and platinum-calomel 
electrodes. The equations for the preparation of 
vanadium(II) by reduction of a sulfuric acid solution 
of vanadium(V), and for the three potential-breaks in 
the titration of potassium permanganate by vanadium- 
(II) are: : 


2HVO; + 3Zn + 5H:SO, = 2VSO, + 3ZnSO, + 6H.O 

10VSO, + 6KMnO, + 6H2O = 10HVO; + 6MnSO, + 
3K2SO, + H:SO, 

VSO, + 2HVO; + 2H.SO, = 3VOSO, + 3H:0 

VSO, + VOSO, + HSO, = V2(SO,)s + H:O 


A solution approximately 0.06 M in vanadium(V) 
was prepared by dissolving ammonium metavanadate 
in 1 N sulfuric acid. The storage-delivery system and 
the titration flask were flushed out with nitrogen. 
Tank nitrogen was made oxygen-free and humidified 
by passing it through a continuously regenerated 
vanadous sulfate scrubber. The scrubbing solution 
was a concentrated solution of vanadium(II) in 5-10% 


Figure 2. Gravity-flow reservoir. 


Figure 3. Pressure-flow reservoir. 


Figure 4. Titration flask. 


sulfuric acid solution over an ample supply of amalga- 
mated mossy zinc. The vanadate solution was intro- 
duced into the bottle of the upward-flow reductor, 
passed through the reducing column at a rate of 25-50 
ml per minute, and the reduced solution of vana- 
dium(II) was received in the reservoir of the gravity- 
flow system. A siphon was created from the reservoir 
to the buret. The first buret-full of solution was dis- 
carded. 

A 25.00-ml aliquot of 0.1032 N potassium perman- 
ganate was pipetted into the titration flask and the 
liquid level was raised as needed by addition of oxygen- 
free water. Titration was carried ovt at 80°C using a 
Glas-Col heating mantle and a magnetic stirrer. 

The titer of the vanadium(II) solution was checked 
over a period of several days. To assure homogeneity 
after standing, the solution in the reservoir was stirred 
by bubbling nitrogen through it. The solution in the 
siphon and buret was discarded. Results are given in 
Table 1. The concentrations of vanadium(II) listed 
are for a three electron change, i.e., the first potential- 
break in titration of permanganate with vanadium(II). 


Table |. Change in Concentration of VanadiumiIl) with Time 


Days: 0 2 3 
Normality: 0.1736 0.1745 0.1730 
Days: 4 5 7 12 
Normality: 0.1721 0.1700 0.1703 0.1694 
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Proceedings of the 


California Association of Chemistry Teachers 


1961 Summer Conference 


The California Association of Chemistry Teachers will hold 
its third summer conference on the teaching of chemistry at 
Asilomar, California, from August 20 to August 26, 1961. This 
third conference is open to all teachers of chemistry in the United 
States, as well as visiting teachers from foreign countries. Indi- 
cations are that this conference will be even more successful than 
the first two. 

An account of the first conference has appeared in these pages.’ 
The 1960 conference, under the direction of Mr. James Ice, 
followed a similar pattern. Several of the ‘‘Recent Advances’’ 
series of papers have appeared in THIS JOURNAL.? Others are 
scheduled for publication. The CBA and CHEMS programs 
were the focus of much attention, as well as other innovations 
in high school chemistry teaching which are being accomplished 
on a more limited scale by members of the Association. 

The third conference is being planned by Richard L. Miller 
of the Los Angeles City Schools. Complete details will be avail- 
able about the end of June. Registration will begin at 4:00 
p.M. Saturday, August 19, 1961; the conference will close on the 
afternoon of August 26, 1961. 

The Recent Advances lectures will be on new topics by eminent 
authorities in their fields. Each lecturer will be present at the 
conference for at least two days and will be available for informal 
discussions. Participants will be divided into two groups for the 
morning and afternoon discussions; each group will consider two 
topics each day. Textbooks, laboratory manuals, atomic and 
molecular models, and other training aids will be available for 
examination. Facilities will be provided for interested groups 
who wish to view films and filmstrips during the late afternoon. 

Tours and trips to points of scientific and historical interest 
will be planned. Swimming and other recreational facilities will 
‘he available. Accommodations include cottages and dormitories 


1 Tuts JoURNAL, 37, 50 (1960). 

2 ‘‘New Aspects of Photosynthesis,’ by J. A. BASSHAM, THIS 
JOURNAL, 38, 152 (1961) and ‘“‘Gas Chromatography” by R. L. 
Pecsok, 38, 212 (1961). 


Point Lobos Reserve: “Ali this and chemistry too!” 

Photograph: Courtesy of N. B. Drury 
for single persons, married couples, groups, and families. Excel- 
lent meals are served in the large dining hall. Complete cost 
will be about $10.00 per day per person. The National Science 
Foundation is currently reviewing a request from the Association 
for financial support to include stipends for participants at the 
conference. In previous years these stipends have included 
travel, housing, and meals. 

The conference staff is as follows: 


Director Mr. Richard Miller 
Program Chairman Dr. Jerome Holmes 
Finance Chairman Mrs. Joan Maxfield 
Arrangements Chairman Mrs. Dorothy Craig 


For information, including applications for stipends, prospective 
participants should write to Mrs. Dorothy Craig, 1199 Laurel 
Street, Pasadena 2, California. 
Joun L. ABERNETHY 
CACT Proceedings Editor 


Asilomar Conference, August, 1960 
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Report of the New England Association of Che 


Joseph Weissbart 
Westinghouse Research Laboratories 
Pittsburgh, Pennsylvania 


A fuel cell is a galvanic cell which con- 
verts the “free energy” of a fuel and oxidizing agent 
directly into electrical energy. We are familiar 
with two types of galvanic cells, primary and secondary, 
which store fuel and oxidizing agents in the cell itself. 
The electrical capacity of these cells depends on the 
quantity of chemicals stored. Primary cells, such as 
the Leclanche “dry cell,’”’ when discharged are dis- 
carded; secondary cells, such as the lead acid storage 
battery, when discharged can have the original store of 
chemicals regenerated by electrical charging. The 
fuel cell is similar in principle to these cells, with the 
important distinction that a fuel, generally a gas, and 
an oxidizing agent, generally oxygen, are continuously 
fed into and consumed in the cell. 

Commercially available batteries, because of the 
chemicals they use as fuel and oxidizing agents, are 
expensive sources of electrical energy and are only 
useful where cheap conventionally generated electrical 
energy is not available or is not convenient for a partic- 
ular requirement. 

A heat engine is an essential feature in the conven- 
tional generation of electrical energy from fossil fuel. 
The efficiency of the conversion of heat to electrical 
energy by means of a reversible heat engine is limited 
by the second law of thermodynamics. The chemical 
energy stored in fossil fuels such as coal, and other 
carbonaceous fuels, is first degraded into thermal 
energy, only a portion of which can be converted to 
electrical energy. A modern central power station 
can attain a total efficiency of 42% of the available 
thermal energy ofthe fuel used. Most power sta- 
tions operate at about 25% efficiency. 

It also follows from the first and second laws of 
thermodynamics that any spontaneous chemical re- 


action (Gibbs free energy change AF < 0) if made to 


discharge reversibly and isothermally in a galvanic 
cell can convert its available chemical energy into 
electrical energy with maximum efficiency. 

From these thermodynamic considerations, Wil- 
helm Ostwald in 1894 proposed that the ideal way to 
produce electrical energy from coal would be to react 


Presented at the 22nd NEACT Summer Conference, University 
of Maine, Orono, August, 1960. 


Fuel Cells—tlectrochemical Converters 
of Chemical to Electrical Energy 


coal and oxygen of the air in a galvanic cell (1). This 
hypothetical cell, operating very nearly reversibly and 
at ambient temperature, could convert the avail- 
able heat of combustion of the carbon reaction to 
electrical energy with almost 100% efficiency. 

Let us see, in principle, how such a reaction could 
take place in a fuel cell. The cell would consist of an 
oxygen-ion-conducting electrolyte, and two electrodes, 
the anode (negative electrode) at one electrolyte face 
and the cathode (positive electrode) at the other, in the 
form of a sandwich (Fig. 1). At the cathode-electro- 
lyte interface the electrochemical reduction of Os, 
takes place. 


Cathode reaction: O: + — 207 (1) 


The oxygen ions migrate through the electrolyte 
to the anode electrolyte interface, where the reverse 
process, the electrochemical oxidation of oxygen ions, 
takes place. 


Anode reaction: 207 — + 4e- (2) 


' When the oxygen pressure at the cathode, .Po,, is 


greater than the oxygen pressure at the amode, .Po.,, 
a spontaneous electrochemical transfer of oxygen from 
the high to the low pressure can occur. 


Net cell reaction: Ox2(-Po,) (3) 
Under reversible and isothermal conditions of opera- 
tion the maximum amount of electrical energy will be 
available at the load. 


R Looe 


(-—) Anode 
Cathode (+) ‘ 


ne 


Po, Ce Me 


Porous Electrodes*——_ ‘Electrolyte 


cPo, > oPo, 


Figure 1. Oxygen concentration cell. 
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The low oxygen pressure is maintained by reaction 
of oxygen with a fuel, in this case carbon, at or near the 
anode. The equilibrium conditions between carbon, 
carbon monoxide, and carbon dioxide, at the tempera- 
ture of operation of the cell, determine the equilibrium 
pressure of oxygen. This type of cell is an oxygen 
concentration cell and can in principle use any fuel at 
the anode. 

Unfortunately, conventional fuels such as coal and 
natural gas are chemically unreactive except at ele- 
vated temperatures. The use of these fuels in cells 
can only be considered at temperatures above 500°C., 
according to most investigators in this field. For 
operation near room temperature, hydrogen is ‘the 
ideal fuel but is prohibitive in cost when compared 
with a cheap fuel such as natural gas. 

One more important difference between batteries 
and fuel cells should be stressed. On current drain in 
batteries the electrolyte generally becomes diluted 
with reaction products, and the electrodes, which serve 
as electron conductors and fuel or oxidizing agent, are 
used up. In contrast, an ideal fuel cell transfers only 
O= ions (or, reduced oxygen in such ions as OH- 
or CO;-) between chemically inert electrodes and 
without change of electrelyte composition. 

Many different types of fuel cells are being investi- 
gated in laboratories throughout the world. They 
are generally classified as to temperature of operation, 
type of fuel burned, and whether reactions proceed 
directly in the cell or intermediate redox systems are 
used. We shall return to a discussion of this work. 


History 


The forerunner of all electrochemical devices can be 
considered to be the electric fishes which evolved in the 
ocean millions of years ago. A Mediterranean variety, 
the torpedo fish, capable of an output of up to 300 
- volts, was used in the first and second centuries B.c. 
by Greek and Roman physicians in the first recorded 
example of electric shock therapy. Ailments such as 
migrain headaches, epilepsy and gout were treated. 
The electric fishes passed out of fashion in the Middle 
Ages. They again became the vogue after the Renais- 
sance and a large number of eminent biologists and 
physicists, among them Galvani, Volta, and Faraday 
investigated them. 

Volta invented the first electrochemical battery, 
known as the voltaic pile, about the year 1800. It is 
noteworthy to mention that he described the voltaic 
pile or battery as an artificial torpedo because it 
resembled the column of plates of the torpedo electric 
organ with which he was familiar.!_ Nicholson and 
Carlisle in 1800 used the voltaic pile to decompose 
water electrolytically into O. and Hy. In 1839, Grove 
‘built the first fuel cell by supplying O, and H: to two 
platinum electrodes dipping in a sulfuric acid solution 
and obtained a deflection of a galvanometer (2). 
By using the voltage from several of these cells in 
series, he also decomposed water electrolytically (3). 

Further work on H,-O, cells has been pursued by 
many investigators. Studies on carbon-oxygen and 


1 This material was taken from an excellent review concerning 
the influence of fashion on inventions in the field of electricity by 
Amberson, William R., Amer. Scientist, 46, 33 (1958). 
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other high temperature cells, during the years prior to 
the second world war, were mainly done by Emil Baur 
and co-workers (4). A review of H:-O, and high tem- 
perature fuel cells is presented by Davtyan (5). A 
discussion of fuel cells and their possible applications, 
fuel sources, and estimated costs, is given by Young 
and Rozelle (6) and by Stein (7). 


Thermodynamic Considerations 
Consider a combustion reaction, e.g., 
CO + 1/102 CO» (4) 


Let this reaction proceed by a net electrochemical 
process, i.e., by the formation of one mole of CO, 
in the cell and the transfer of two moles of electrons 
(2 § coulombs of charge) from anode to cathode in the 
external circuit. During this process the temperature 
of the cell and the pressure and composition of reac- 
tants and product are held constant.2 We now 
differentiate two heat effects: (I) q the heat absorbed 
or evolved* in the cell and (II) gq: equal to the 7?Rit 
heat evolved in the load resistance R; for current 7 
and time ¢ for the formation of one mole of CO, (Fig. 


- 2). The net heat evolved is the algebraic sum 


=H <0 (5) 


Figure 2. Distribution of heat q; (AH), between qi, heat absorbed or 
evolved in the cell, and (i?RLoaat) heat evolved at Rioad- 


The value of gue is a constant independent of the 
magnitude of the current (i.e., the rate of the cell 
reaction) and depends only on the formation of one 
mole of CO, under the conditions of operation of the 
cell as stated above. Therefore 


Qnet = AH < 0 (6) 


where AH is the enthalpy of the reaction (or heat of 
combustion) equal to the value obtained when the 
reaction, equation (4), is carried out directly. The 


2 Conditions of constant pressure and composition can be 
approximated in a cell ‘with large electrode surfaces and large 
reservoirs of O2, CO and COs, with, e.g., Po. = 1 atm at the 
cathode and Pco/Pco: = 1 with Pco + Pco: = 1 atm at the 
anode. 

3 By convention, a negative sign is attached to the term if heat 
is evolved from the system, i.e., g < 0. 

‘ For example, the value of AH of the direct reaction and the 
values g; and gq: separately or the sum, q;, of the electrochemical 
process, may be measured in a calorimeter. 
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distribution of gue: between gq: and q is a function of the 
magnitude of the current. The two limiting conditions 
are for short-circuit and reversible operation. At 
short-circuit, no electrical work is available, i.e., 
ge = 0O and all the heat, now the 7*R,¢ heat, where R, 


is the internal cell resistance, appears as q. There- 
fore, from equations (5) and (6) and q = 0, 
= = AH <O (7) 


At the other extreme, under reversible conditions of 
operation, i.e., at infinitely low current drain, the 
following values hold: q is the reversible value, a 
maximum value for heat absorbed, qi.r6v 2 0, or a mini- 
mum value for heat evolved qirev < 0 


Qirev = TAS (8) 


where 7’ is the absolute temperature and AS is the 
entropy change for the reaction. Similarly, q@ is 
Q2.rev < 0, & maximum value, equal to the 7?R,t heat 
evolved (for very small values of 7). Since Rit = 
Eit, the maximum electrical energy is obtained at the 
highest value of E, the cell emf, which is E,ey. 


Q.rcv = AF = —z5E rev (9) 


where AF is the Gibbs free energy change for the 
reaction, 2 is the total charge transferred at Ere, 
§ is the faraday (96,500 coulombs) and z is the electro- 
chemical valence change. 

Equation (5) holds as well for the reversible values 
Qi. rev and Q2.rev 


Qnet = Qisrev + Q2,rev (10) 
Substituting equations (6), (8) and (9), we obtain 
AH =TAS+AF (11) 


which is the Gibbs-Helmholtz equation. AF or the 
algebraic difference between AH and TAS need only 
have a negative value for a galvanic cell reaction to be 
possible. In general, reactions of interest in fuel cells 
have AH < 0, eg., the heat of formation of H.O 
is about 60 kcal. 

For laboratory scale cells, the heat effects discussed 
above are rarely directly evident (but can be obtained 
indirectly from measurements of cell emf and their 
temperature coefficients.) For large-scale installations 
these effects are of critical importance in considering 
theoretical as well as practical fuel cell efficiencies. 
The thermodynamic efficiency, «, is 


e = AF/AH (12) 


From the Gibbs-Helmholtz equation (11), three possi- 
bilities arise for e: 


(I) AS = 0, Qi.rev = 0, then AF = aH and = 1.0. 


(II) AS <0, qi.rev < 0, i.e, heat is evolved in the cell, « = a = 


aH — TAS < 1.0. This heat if not ejected to the 
surroundings raises the temperature of the cell. 

(III) AS > 0, gi.rev > 0, i-e., heat is absorbed by the cell from the 

SF _ 4H — TAS 

surroundings, = — 

undings, AH AH > 1.0. 


In this instance if heat —gq,.ev> is not added from the 


5 (Surroundings) = +41,rev (system, i.e., cell). 


surroundings, the cell cools down. The total thermal 
energy used > = + (— rev) = Qirev + Q2.rev + 
(—Qurev) = Qz.rev, Which is equivalent to the maximum 
available electrical energy, equation (9). Therefore, 
theoretically calculated thermal efficiency can never be 
greater than 1.0 except in a hypothetical case, i.e., a 
cell reaction with « > 1.0 occurring at room tempera- 
ture, where the surroundings can be considered as an 
infinite heat source. Table 1 shows values of Ev, 
and ¢ at 298, 600 and 1000°K for several important 
fuel cell combustion reactions. 


Table 1. Standard emf E and Efficiency « = AG/AH of 
Combustion Reactions 
Combustion —298°K— —600°K— —1000°K— 
reaction 2 E € E € E € 

C + 0, = CO, 4 1.03 1.00 1.03 1.00 1.03 1.00 
2C + O. = 2CO 4 0.74 1.24 0.86 1.48 1.02 1.78 
2CO +0, =2CO, 4 1.34 0.91 1.18 0.81 1.01 0.69 
CH, + 20, = 

CO, + 2H:O 8 1.04 1.00 1.04 1.00 1.04 1.00 
2H, +0:=2H20 4 1.18 0.94 1.11 0.88 1.00 0.78 


We now return to a further discussion of the oxygen 
concentration cell (Fig. 1). We can visualize the oxy- 
gen transfer process as occurring in two separate steps: 
(I) the electrochemical step, i.e., the expansion of Os» 
from a high partial pressure (-Po,) to a lower partial 
pressure (gPo,), equation (3). This is a spontaneous 
endothermic process for which the work of expansion is 
given by equation (11), with AH = 0, i.e., AF (or go.rev) 
= —TAS(or —@qrev), and 


AS = R In -Po2/aP0: > 0 (13) 


(II) The oxygen at «Po, reacts directly with carbon in 
the anode chamber, 


C + 1/202(eP02) = 1 atm) (14) 


This is an exothermic process for which the heat of 
combustion of the reaction, AH = que < 0, is avail- 
able. The heat needed in step (I) is greater than the 
heat evolved in step (II), and therefore for the total 
process, the cell cools down. To operate fhe cell at 
constant temperature, further heat must be added 
from the surroundings. The thermal energy of CO 
reacting with O» could be utilized for this purpose. 

The reaction of coal to form CO in a fuel cell pre- 
sents more difficulties than that of burning gaseous 
fuel, ie., CO or hydrocarbons. The following two- 
‘step chemical-electrochemical cyclical process appears 
to hold promise in utilizing the available energy in the 
carbon to CO, reaction: 

Reaction outside of fuel cell: CO. + C— 2CO, AH >0 (15) 


(i.e., surroundings) 
Reaction inside of cell: 2CO + 2COx, qi <0 (16) 


(i.e., system) 
C + = CO,AH =0 (17) 


Net reaction: 

(i.e., system and surroundings) 

The heat left over from the electrochemical reaction 
in the fuel cell, [equation (16), ie., qirev plus PR 
heat inside the fuel cell for operation at i > 0] 
is to be used for the heat necessary for the endothermic 
reaction, equation (15) outside the cell. One CO, 
equation (16), is removed from the cycle before the CO 
is regenerated, equation (15). Theoretically the ther- 


mal efficiency can be 1.0. This type of system for 
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upgrading or reforming CO as well as hydrocarbon 
fuels has been discussed by Gorin (8). 


Kinetic Considerations 


Gas Diffusion Electrode. All electrochemical reac- 
tions are heterogeneous, i.e., the electron exchange 
reaction occurs at the interface of two or more phases, 
e.g., metal/solution. For an electrode involving a gas 
as in fuel cells, e.g., Pt, O. the electron exchange reac- 
tion must occur at an electrode/electrolyte interface 
accessible to the gas. This type of an electrode is 
called a gas diffusion electrode. The three-phase re- 
action zone of such an electrode is necessarily only a 
line. Theoretically, the maximum number of such 
sites can be obtained by making the electrode in the 
form of a bundle of parallel capillaries of a uniform 
diameter. The liquid electrolyte enters at one end of 
the capillaries and the gas at the other. The three phase 
zone is where the meniscus makes contact with the 
metal and catalyst (Fig. 3). This can only occur for a 
certain capillary diameter, where the capillary pres- 
sure and the hydrostatic pressure is balanced by the 
pressure of the gas. When the gas forces the liquid 


Catalyst 
Meniscus Gas Phase 


Electrolyte 
Phose 


Metal 
Phase 


Figure 3. Idealized capillary structure of a gas-diffusion electrode. 


entirely out of the capillaries or pores, ‘“gassing’’ of 
the cell occurs. “Drowning” of the cell occurs if the 


- gas is forced out of the capillaries or pores by the 


liquid. Practical gas diffusion electrodes are made 
from metal powder of two 

or more particle sizes sin- rote 
tered together (Fig. 4). 223% 

Graded particle size or pore sy 
structure in graphite elec- Fine 
trodes can be obtained by Pores 3 Phose Zone 
special techniques such as _ 

heat treatment in CO, powder double 
atmosphere. 

Polarization. When current is drawn from a cell the 
distribution of gue between q and q is not any more than 
for the reversible case, equation (10). Some heat that 
should appear as part of q in the form of electrical 
energy at R, is instead evolved in the cell and becomes 
part of qm. This is the energy that is expended in 
overcoming the activation energy barriers associated 
with the various transport processes when the cell reac- 
tion is forced to proceed at a greater than negligible 
rate. Experimentally the loss of electrical energy for 
a certain current appears as a loss in voltage from the 
reversible value, i.e., 2 coulombs are transferred at 
E < E,.. This loss in voltage is called polarization. 
Several types of polarization are distinguishable at least 
in principle. We shall discuss briefly concentration 
polarization, activation polarization and ohmic polariza- 
tion. A typical current-voltage curve shows the net 
and the individual contributions (Fig. 5). 
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Figure 5. Operating characteristics of a hypothetical fuel ceil. 


When current is drawn from a cell, the reactant at 
the electrode is depleted and further reactant diffuses 
into the reaction zone from the bulk concentration zone. 
The loss in voltage or the concentration polarization is 
due to this difference in concentration at the inter- 
face. When the concentration at the interface drops 
to zero, i.e., all of the species diffusing to the interface 
react immediately, the cell voltage also drops to zero. 
This current is the diffusion limiting current (e.g., 
80 ma. in Figure 5). 

The loss in voltage on current drain due to the slug- 
gishness of the exchange reaction at either electrode is 
known as (anodic or cathodic) activation polarization. 
When the rates in both directions (at the electrode) 
are equal to each other, equilibrium is established. 
This is accomplished by the formation of a charged 
double layer at the interface across which transfer of 
ions is hindered in one direction and aided in the other 
direction. The potential across this double layer is the 
reversible absolute electrode potential (not amenable to 
measurement except with respect to a defined reference 
electrode). The rate at equilibrium (in either direc- 
tion) is known as the exchange current Jp. If Jo is 
large and the activation energy for Jo is low, a large 
current can be drawn with little loss of voltage. Elec- 
trode catalysts and increased temperature of operation 
reduce this polarization effect. 

Ions must also be transferred across the electrolyte. 
An activation energy is associated with this process. 
The resultant voltage loss is the ohmic polarization or 
?R,. loss (R. is the internal resistance of the cell). 
Mobility of the ions (if no electronic current is present) 
is proportional to the specific conductivity of the solu- 
tion (conductivity per unit cube). The total conduc- 
tivity also depends on the thickness and area of the 
electrolyte. Ohmic polarization is particularly serious 
with high temperature ceramic oxide electrolytes. 


Fuel Cells Under Consideration 


Hydrogen-Oxygen (KOH) Cells. These cells contain 
aqueous potassium hyroxide as the electrolyte. The 
electrodes are of the gas-diffusion type and are made 
from specially activated nickel or graphite to which 
catalysts are added. Cells may operate at slightly 
above room temperature at atmospheric pressure or 
may be pressurized and operate at 200—240°C (9, 10). 
The electrochemical reaction does not proceed directly 
to water but to the hydrogen peroxide (HO2~) inter- 
mediate, which is further decomposed by catalysts to 
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Cathode Reaction: (ideal) + 2H,O + 4e- 40H- (18) 

(actual) O. + + 2e- HO.- + OH- (19) 
Anode Reaction: H, + 20H- — 2H,0 + 2e- (20) 
Cell Reaction: O. + H, + OH~ + H2O (21) 
Decomposition Reaction: HO,.~ catalysts 1 /O2 + OH- (22) 
Net Reaction: + H; > (23) 


oxygen and hydroxyl ions (9). The reactions are sum- 
marized above. 

Hydrogen-Oxygen Ion Exchange Membrane Cells. 
These cells contain a solid organic membrane saturated 
with water as the electrolyte and operate at ambient 
temperature or slightly above (11). In cation exchange 
resin membranes, H+ ions are mobile, while in anion 
exchange resin membranes, OH ~ ions are the conducting 
species. Gas diffusion electrodes are made from 
platinum, nickel, and other metals. A schematic view 
of an an ion exchange membrane cell is shown in 
Figure 6. 

Redox Cells. The redox cell principle involves the 
use of electrochemically active oxidant and reductant 
intermediates to utilize electrochemically sluggish fuel 
such as coal or hydrocarbons, and the oxygen of the air, 
at or near room temperature. The cell contains two 
liquid electrolytes (one for the cathode and one for the 
anode chamber) separated. by a membrane permeable 
to a common ion such as H+ or OH-. Each electrolyte 
contains a dissolved reactant (reductant in the anode 
chamber and an oxidant in the cathode chamber). 
The products of the electrode reactions are circulated 
to the regenerator chambers (attached to each electrode 
chamber) where they are chemically reduced by the 
fuel and oxidized by the oxygen, respectively, and 
returned to the electrode chambers. Attempts in this 
direction have not been promising (1/2, 13). 

Molten Salt (Carbonate) Cells. The electrolyte of this 
cell is a mixture of alkali carbonates contained in the 
capillary pores of a ceramic matrix. The cathode is 
made from silver powder and the anode is generally 
made from nickel powder to which catalysts are added. 
The construction of a laboratory test cell is shown in 
Figure 7 (14). The cell operates at temperatures at 
or above 500°C and utilizes CO and hydrocarbon 
fuels. Oxygen is transported as CO;~ ion (instead of 
O-); therefore CO, must be present as a reactant 
at the cathode and is a product at the anode. The 
emf of the cell depends on the oxygen partial pressures 
as well as on the CO, partial pressures at the electrodes 
(15). The cell is an O, and CO, concentration cell 
similar in principle to the ideal oxygen concentration 
cell discussed above. The electrode equations and the 
relation between the emf of the cell and the pressures 
of O, and CO, at the electrodes are given below: 
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Figure 6. Hydrogen-oxygen ion exchange membrane fuel cell. [After 
Niedrach, reference (1 1).] 


Solid Electrolyte (ceramic oxide) Fuel Cells. A 
high temperature fuel cell with an oxygen ion conduc- 
tive electrolyte, based on the oxygen concentration cell 
principle (Fig. 1), is in the preliminary research stage 
at Westinghouse (16). 

Hydrogen-oxygen fuel cells have the best operating 
characteristics of all fuel cells at present. The problem 
is to find ways to produce hydrogen more cheaply or to 
develop catalysts so that inexpensive carbonaceous 
fuels can be used. 

High temperature fuel cells, although they can utilize 
low cost carbonaceous fuels, present serious develop- 
ment problems. During operation, changes in the 
electrode and catalyst structures occur and must be 
prevented. Direct reaction by leakage through the 
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Figure 7. High temperature molten salt fuel cell. [After Broers, reference 
(14).] 


Cathode reaction: 1/202 + CO. + 2e- (24) 

Anode reaction: CO3;"— 1/20. + COz + 2e- (25) 

Net cell reaction: 1/202cPo:) + CO(cPco:) > 1/s02(aPo:) + CO2(aPco2) (26) 
RT, cPos RT Poco: 
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electrolyte or by electronic conduction (in ceramic 
oxides) is another problem. Side reactions and cor- 
rosion reactions occur readily. High power density 
and useful operating life are the two most important 
criteria for all fuel cells. The latter is especially diffi- 
cult to obtain for high temperature fuel cells. The 
search for suitable construction materials to overcome 
these problems continues. Another problem for high 
temperature fuel cells is the construction of units of 
sufficient power density. As yet no high temperature 
fuel cell has been constructed that is even self-sustain- 
ing at the temperature. of operation. An integrated 
fuel processing and fuel cell system also presents many 
problems. 


Conclusion 


Fuel cells have some unique features that offer many 
advantages for electrical power generation. They do 
not operate on a heat cycle and therefore are not limited 
in efficiency by this factor. Efficiency is independent 
of size over a wide range of power output, as contrasted 
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with steam turbine generators which have lower effi- 
ciency at lower ratings. Fuel cells need not contain 
moving parts. Fuel cells are low voltage, high current 
devices of particular interest in the electrochemical 
industries such as the aluminum industry. Traction 
equipment could also be powered by low or moderate 
voltage direct current. Numerous special applications 
are possible where cost is of secondary importance. 

An ideal fuel cell would use cheap fuels, be made of 
economical materials, operate at high efficiency, have 
high power density, and have long life. Low tempera- 
ture fuel cells using hydrogen should begin to find 
special purpose applications within the next few years. 
The use of fuel cells for large power generation, i.e., 
central power stations, is still doubtful but is tantalizing 
enough at the present stage of development not to be 
entirely out of the question. 
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9:00 a.m. “Do It Yourself—But Wear Goggles!’ Paul West- 
meyer. 
“Only the Student Has No Gears,” J. H. Day. 
2:00 p.m. “Philosophy of Laboratory Instruction,” 
N. D. Cheronis. 
“Applications of Chromatography and Electrophore- 
sis,” P. R. Kasimer and H. J. Morowitz. 
7:30 p.m. ‘Polaris, Sea Power, and National Defense,” Com- 
mander T. R. Rhees, USN. 
Wednesday, August 23 
9:00 a.m. ‘Water and Aqueous Solutions,” H.S. Frank. 
“Applications of Chromatography and Electrophore- 
sis,” P. R. Kasimer and H. J. Morowitz. 
Thursday, August 24 
9:00 a.m. “The CHEM Study,” J. A. Campbell. 
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“Meteorites and Cosmic Rays,’’ Raymond Davis, Jr. 


2:00 p.m. “The Examination of Trace Evidence, Chemical and 
Other Methods,”’ J. L. Gormley. 


7:30 p.m. “The Patent Office, the Patent System, and Chem- 
istry,” M.C. Rosa. 
Friday, August 25 


9:00 a.m. “Radical Chemistry,” C. D. Cook. 
“Gradient Elution and Ultra-Violet Absorption in 
Chromatographic Analysis,’ C. W. Gould. 
2:00 p.m. “Inquisitive Chemistry—The Story of Chemical 
Analysis,’ D. I. Walter and O. R. Gates. 
“Boranes and Rocket Fuels,” C. J. Wiley. 


Copies of the complete program and other information can be 
obtained from the Conference Secretary, Miss Constance L. 
Brown, University of Vermont, Burlington. Non-members are 
cordially invited to join the Association and attend the conference 
for a day or for the entire week. 
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Déucséon of CHEMICAL EDUCATION 


Chemical Society 


Report of Committee on Status of the Teaching of Chemical Literature 


The accompanying two tables summarize 
the statistical data collected by Professor M. G. Mellon, 
chairman of a joint committee of the Divisions of Chem- 
ical Literature and Chemical Education, appointed to 
study the status of the teaching of chemical literature. 
These data constitute the 55% response to 600 ques- 
tionnaires sent to a representative sample of colleges 
training prospective graduate students and to all grad- 
uate schools of chemistry and chemical engineering. 


Status of Instruction in Chemical Literature 


Institutions Institutions not 
granting Ph.D. granting Ph.D. 
Num- 
Nature of instruction ber % Number % 
4 means of formal course 42 53.2 92 36.6 
ithout a formal course 32 40.5 152 60.6 
Considered unnecessary 5 6.3 7 2.8 


79 100.0 251 100. 


o 


For the 134 institutions reporting, the following numbers show 
the credit hours of the various courses, and in parentheses, the 
corresponding number of institutions for each level of credit: 
0 (2); */s(1); 1(79); (5); 2 (39); (1); 3 (4); (1); 


4!/.(1); undesignated (1). The longer courses are partly tech- 
nical writing, history of chemistry, and related topics. 
Institutions Without Special Courses 


32 institutions 152 institutions 
granting Ph.D. not granting Ph.D. 


Publications covered Number % Number % 
Periodicals 28 87.5 143 94.1 
Patents 9 28.1 24 15.8 
Government bulletins 0 0.0 7 4.6 
Manufacturers’ technical 6 18.7 39 25.7 

ublications 
Bibliographies 14 21.9 75 49.3 
Indexes 25 78.1 115 75.7 
Treatises 25 78.1 94 61.9 
Monographs 26 81.2 86 56.6 
Encyclopedias 20 62.5 83 54.6 


The 184 institutions having no formal course depend upon a 
variety of means to introduce students to the literature. Some 
of those mentioned specifically (with the number of institutions so 
indicated in parentheses): Specific assignments (77); term 
papers (14); reports (3); assigned reading (6); ‘few’ lectures, 
mostly in organic chemistry (12); course projects (13); directed 
study (3); course references (5); seminars (17); theses and re- 
search (28); laboratory preparations, projects, references, and 
reports (11). 


+ 


Nominations for Office of Chairman-elect, 1961-62 


Epwarp C. Futter is Professor and Chairman of the Department 
at Beloit College. A graduate of Montana State with a Ph.D. 
from Columbia, he taught at Montana State, Bard (N. Y.), 
Champlain College (N. Y.), and the University of Wisconsin 
(summer school). He was President of Bard College, 1946-50. 
He has served the Division as Chairman of the Committee on the 
Teaching of Chemistry since 1955, and as a member of commit- 
tees on films, visiting scientists, and the ACS-NSF ad hoc com- 
mittee on the need for new approaches to high school chemistry. 
He was a participant at the Reed and Wesleyan conferences 
(which did the ground work for the CBA program) and at con- 
ferences on improving the college chemistry curriculum. Since 
1956 he has served as Visiting Scientist to colleges and high 
schools. He is author of a dozen articles on chemical education, 
and has served on many NSF evaluation panels. 


WENDELL H. SiaBaueu, Professor and Assistant Dean of Gradu- 
ate School, Oregon State University, has served the Division as 
Program Committee and Institute and Conference Committee 
member, Visiting Scientist on the Division sponsored NSF 
program, and author of 13 papers and book reviews for the Jour- 
nal of Chemical Education. He has directed and lectured in 
Summer Institutes and Academic Year programs and served on 
the state certification board for science teacher education. His 
Ph.D. at Washington State University followed industrial re- 
search in protective coatings. He has 21 research papers in 
colloids and surface chemistry, his major interest in teaching at 
the graduate level. He was selected outstanding campus teacher 
and was the lecturer in a 2-year experiment in general chemistry 
via television. He is active in ACS, AIC, Sigma XI, Phi Kappa 
Phi, and Phi Lambda Upsilon affairs. 


Ballots will be mailed to members of the Division of Chemical Education and must be re- 
turned to the secretary by July 1, 1961. The present Chairman-elect, L. C. King (Northwestern), 
will become chairman after the fall ACS meeting. The present secretary, W. B. Cook (Montana 
State), serves until September 1962; the present Treasurer, W. G. Kessel (Indiana State Teachers), 
serves until September 1963. The member-at-large of the Executive Committee, R. H. Maybury 


(Redlands), serves until September 1962. 


Volume 38, Number 5, May 1961 / 273 


i- 
in 
it | 
al 
n 
te 
is 
of 
re 
d | 
s. 
: | 
} 
re 
id 
T- 
n, 
a- 
er 
id 
” 
n- 
ne | 
el 
t. 
0, 
r. ; 
id 
n- 
| 
| 
al 


BOOK REVIEWS 


Chemical Periodicity 


R. T. Sanderson, University of Iowa, 
Iowa City. Reinhold Publishing Corp., 
New York, 1960. x + 330 pp. Figs. 
and tables. 21.5 X 26.5cem. $9.75. 


If there were only one word permitted 
this reviewer to describe the book “‘Chem- 
ical Periodicity,” it would have to be 
“useful.’’ Professor Sanderson has in- 
corporated a wealth of information in 
tables and charts in the text, much of 
which could otherwise be found only by 
consulting many different reference works 
and other sources in the chemical lit- 
erature. The inclusion of a table of the 
many periodic charts at the beginning of 
the text is most useful. The inclusion of a 
table of ‘Tables’ would also be helpful, 
and it is hoped that such will appear in 
future editions. 

If the reviewer were allowed a second 
word of description, it would be “unusual.” 
The author’s approach is unusual, from 
the table of contents (a cross-sectioned 
Condensed Partial Index) onward, and 
much of this originality is pedagogically 
effective, e.g., the use of several periodic 
charts with circles of appropriate size to 
represent relative radii and atomic vol- 
umes of atoms. Although this reviewer 
disagrees with the use of this device to 
represent certain physical properties, 


_ such as heats of formation and densities, 


because the relatively small circles rep- 
resenting the alkali metals in such cases 


can lead to confusion for some students 
who might infer that these atoms are 
relatively smaller in size than atoms 
following them horizontally, when actually 
the reverse is the case. 

Excellent photographs of molecular 
and crystal models have been included in 
the text, but this reviewer hopes that in 
future editions it will be possible to label 
the different atoms in some way, because 
the black and white photography might 
sometimes make it difficult for students to 
tell which atoms are which. 

The value of the book is enhanced by 
the inclusion of both a subject and author 
index, although these have been combined 
into a single index. Errors (e.g., the 
electronic structure’ of gadolinium on 
page 12) are bound to creep into texts 
where considerable detail is involved, 
and it is to be hoped that these will be 
eliminated in future editions. This 
reviewer recommends this book to teachers 
of a junior or senior course in inorganic 
chemistry, either as a text or important 
source reference. The originality of 
approach is certain to be of interest. 

The page size of the book is fairly large 
(almost 10!/, inches high) but the many 
tables and charts may have something to 
do with this, and in the main, their 
value far outweighs the inconvenient 
page size. 

STraNnLey KirscHNER 
Wayne State University 
Detroit, Michigan 


>——Reviewed in This Issue 
R. T. Sanderson, Chemical Periodicity 
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Second Supplement Volume 


Francisco Bermejo Martinez and Antonio Prieto Bouza, Aplicaciones Analfticas 


F. Din and A. H. Cockett, Low-Temperature Techniques 
Martha E. Munzer and Paul F. Brandwein, Teaching Science Through Conserva- 


A. A. Lumsdaine and Robert Glaser, Editors, Teaching Machines and Programmed 


William Cahn, Einstein: A Pictorial Biography 

Alfred Burger, Editor, Medicinal Chemistry 

Albert Szent-Gyérgyi, Introduction to a Submolecular Biology 

Joseph H. Simons, A Structure of Science 

M. J. Buerger, Crystal-Structure Analysis 

Arthur W. Adamson, Physical Chemistry of Surfaces 

Robert S. Harris and Harry von Loesecke, Editors, Nutritional Evaluation of Food 


Raymond E. Kirk and Donald F. Othmer, Encyclopedia of Chemical Technology. 


K. A. Brownlee, Statistical Theory and Methodology in Science and Engineering 

E. H. B. Pietsch, Editor, Gmelins Handbuch der Anorganischen Chemie. 8 
Auflage. System Nummer 33, Cadmium, erganzungsband 

J.R. Partington, A Short History of Chemistry 
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Aplicaciones Analiticas del AEDT 
y similares 


Francisco Bermejo Martinez, Univer- 
sidad de Santiago de Compostela, and 
Antonio Prieto Bouza, Quimico de La 
Toja, S.A. Imprenta del Seminario 
Conciliar, Santiago de Compostela, 
Spain, 1960. xii + 629 pp. Figs. 
and tables. 17 X 24 cm. $10. 


Ethylenediaminetetraacetic acid (ED- 
TA) and related compounds, now often 
termed chelons, are developing a special- 
ized literature more rapidly and more 
extensively than any previous organic 
analytical reagent. Hence, both the 
specialist and the applied analyst welcome 
each new monograph on chelons. The 
work by Drs. Bermejo and Prieto carries 
the literature into 1959 and strikes a 
fine balance between consideration of 
relevant theory and basic information and 
the presentation of ready-to-use facts 
and procedures. The authors are active 
researchers. The work often reflects their 
personal studies and includes findings 
unpublished by them at the time the 
manuscript was completed. 


The authors in the early chapters con- 
sider the properties of the chelons, their 
use in titrimetry and colorimetry, and 
their application, usually as masking 
agents, in diverse separations and deter- 
minations. The last chapter, consisting 
of 254 pages, presents procedures em- 
ploying chelons in the determination of 
various anions, cations, and some organic 
compounds, both in simple systems and 
complex matrixes, especially alloys. Criti- 
cal notes appended to many procedures 
attest to the authors’ personal experience. 


The bibliography cites 1278 references; 
the reviewers, based on their own biblio- 
graphic efforts, can state that a satisfying 
degree of completeness has been achieved. 
An adequate subject index is provided 
and through its use even brief statements 
in the text may be often located. 

U. S. technologists often neglect signifi- 
cant works in languages in which they 
have only limited proficiency, and thereby 
sidestep the opportunity to gain pro- 
ficiency! The monograph by Bermejo 
and Prieto is in Spanish, a language of 
which the reviewers have only limited 
command. A microappreciation of Span- 
ish grammar, a semimicro vocabulary 
(500-600 basic words and the relevant 
chemical jargon, for example, valoracién = 
titration), and occasional resort to a pocket 
dictionary will suffice for the experienced 
chemist to follow the directions presented, 
especially because of the numerous 
English cognates. This is the experience 
of the reviewers in almost daily reference 
to the work over a period of some weeks. 

This monograph is commended to 
researchers studying chelons and organic 
analytical reagents generally and to 
chemical analysts as a valuable point of 
entry into the literature of a salient area 
of advance in contemporary analytical 
chemistry. 


A. J. BARNARD, JR. 
and W. C. Broap 


J.T. Baker Chemical Co. 
Phillipsburg, New Jersey 


if 
| 
| 
| 


Low-Temperature Techniques 


F. Din and A. H. Cockett, both of 
British Oxygen Research and Develop- 
ment, Ltd. Interscience Publishers, 
Inc., New York, 1960. viii + 216 pp. 
Figs. and tables. 14.5 X 22.5 cm. 
$6.50. 


This book covers such topics as pro- 
ducing and measuring low temperatures, 
low temperature techniques in the lab- 
oratory, properties of materials at low 
temperatures, gas separation, and storage, 
transport, and use of liquefied gases. 
Drawings of apparatus which are used 
to illustrate the subject matter are mostly 
schematic and are, in general, well done. 

In following a historical approach to 
the subject matter, the authors devote 
too much space to the situation existing 
prior to World War II and not enough 
space to the developments after World 
War II associated with the appearance of 
the Collins helium cryostat and the 
demands for relatively large quantities of 
liquid hydrogen and other liquefied gases. 

Mathematical as well as other descrip- 
tive detail has been kept to a minimum. 
As a result, the authors have produced a 
simply written text which should serve 
as an introduction to the low tempera- 
ture field. However, for workers con- 
templating or doing research at low 
temperatures, the insufficiency of detail 
isa handicap. For these research workers, 
there are a number of recent books on 
low temperature techniques such as R. B. 
Scott’s “Cryogenic Engineering” or G. K. 
White’s ‘Experimental Techniques in 
Low Temperature Physics’ which are 
more useful. 


E. L. Pace 
Western Reserve University 
Cleveland, Ohio 


Teaching Science Through Conservation 


Martha E. Munzer and Paul F. Brand- 
wein, both of the Conservation Founda- 
tion. McGraw-Hill Book Co., Ine., 
New York, 1960. xvii + 470 pp. 
Figs. and tables. 16 X 23.5 cm. 
$7.50. 


This is a book for teachers of science— 
one of a series devoted to curriculum and 
methods in education published by Mc- 
Graw-Hill. The authors accept as the 
likely pattern for the future the present 
practice of the schools of teaching about 
the problems of use and management of 
natural resources in several different sub- 
jects, including science. From this point 
of view, conservation, which in this book is 
synonymous with utilization and manage- 
ment of natural resources, is a prevading 
theme running through much of the total 
school program. The title of the book 
reflects this point of view. 

Well over 95 per cent of the 447 pages 
are devoted to procedures and activities 
for teaching science. The topics on which 
several hundred specific teaching sug- 
gestions are offered range the entire field 
of secondary school science. The book 
has several features designed to make it an 
effective tool for the teacher. For ex- 
ample, there are two tables of contents. 


One 1s keyed to important facets of con- 
servation; the other, to the separate 
science subjects. There are numerous 
cross references. The index is well done. 
An entire chapter is devoted to specific 
information on materials required for 
experiments, sources of equipment and 
supplies, and films. There is a good bibli- 
ography of reference sources. 

As one turns the pages, he may be 
startled to find that on many, there are 
no references to conservation. To this 
reviewer, however, this appears good in 
the sense that a sound appraisal of prob- 
lems of conservation must be based on a 
clear understanding of processes and 
interrelationships existing in the natural 
environment. The authors have at- 
tempted to make a bridge between scien- 
tific understandings and concepts of 
conservation by numerous statements 
highlighted in bold print. 

The natural resources needed to support 
a dynamic, and_ technologically-based 
society are by no means fixed, nor are the 
problems of their use and management 
static. The authors are to be commended 
for making this principle a theme of their 
book and for recognizing the relation- 
ship of science and technology both to the 
development of, and the solution of 
conservation problems. A chapter is 
devoted to science education for the 
potential scientists and _ technologists, 
whose intellectual capabilities represent 
a resource upon which the solution of 
conservation problems depends. 

This book is recommended to teachers 
of secondary school science as a valuable 
source eof specific ideas on teaching science. 
It also is a good book on the methodology 
of teaching science. It does show well how 
science can contribute to desirable atti- 
tudes toward, and understandings of con- 
servation. Probably, it will not convert 
the teacher who is not conservation 
minded into one who is, but that is not 
stated as a purpose. 


E. KerrsTeaD 
State Department of Education 
Hartford, Connecticut 


Teaching Machines and Programmed 
Learning 


Edited by A. A. Lumsdaine, University 
of Southern California, Los Angeles, 
and Robert Glaser, University of Pitts- 
burgh, Pennsylvania. Department of 
Audio-Visual Instruction, National Ed- 
ucation Association, Washington, D. C., 
1960. xii + 724 pp. Figs. and tables. 
15X 23cm. $7.50. 


Teaching machines offer a valid new 
approach to tutorial instruction adapted 
to the needs of the individual student. 
With a properly designed teaching machine 
program the student proceeds at his own 
pace, is always active in his participation, 
learns the results of his work as he pro- 
gresses—and if the program is a good one— 
the student knows all the material when 
he has finished. 

This book is the first complete book 
on the subject and is indeed the best 
possible introduction to the subject. 
It consists of 47 articles written by most 
of the important names in the field. Not 


only is there a complete historical intro- 
duction, but the important original papers 
are reprinted. The discussion of the 
different kinds of programs is complete 
and thorough as is the discussion of learn- 
ing theory and reports on completed 
experiments. Of great value are the 
sober second thoughts and criticisms; 
problems to be solved and possible pit- 
falls are well aired. The various types 
of machines commercially available are 
described as well as the ones which may 
easily be constructed by the teacher. 

One hundred nine pages of Appendix I 
are devoted to abstracts of all the articles 
on the subject printed to date (and even 
some which have been presented but not 
published). The abstracts are unusually 
complete and readable. Appendix II 
is a 28 page bibliography. 

The book is the best place to start 
for the reader interested in learning about 
teaching machines. It is indispensable 
for any one in the field and will certainly 
be the major source book for many years 
to come. 

This book is recommended enthusias- 
tically and without reservation. 


Jesse H. Day 
Ohio University 
Athens 


Einstein: A Pictorial Biography 


William Cahn. The Citadel Press, 
New York, 1955; first paperback re- 
print, June 1960. 128 pp. Iillustra- 
tions. 18 KX 25cm. $1.25. 


This is a book of beautiful and interest- 
ing pictures about Einstein. Unfortu- 
nately, comments accompany these pic- 
tures. And while Einstein’s photogenic 
face and his inspiring life are sufficient to 
redeem almost any text describing them, 
there seems to be no excuse for the gross 
errors which mar this one, especially in a 
reprint edition appearing five years after 
the original. 

Some of these errors represent only mis- 
leading incompleteness, as in the figure on 
page 75 which is described as showing 
Einstein, a daughter, son-in-law, wife and 
‘friends,’ while these “friends’’ include 
another daughter and her husband. A 
much grosser error appears on pages 44—45 
where a picture purporting to show 
Einstein’s first American press conference 
in 1921 was actually taken during his later 
trip in 1930-31. I confirmed this point 
with the lady shown in the picture who had 
not set foot in the U.S.A. before that date. 

Especially shocking is the reproduction 
on page 27 of the first page of “‘the original 
printing of Ejinstein’s famous theory of 
relativity’? which, in fact, is his work on 
Brownian motion which appeared on page 
549 of the same volume in which the theory 
of relativity is printed on page 891. 

Certainly one can expect an author to 
have enough familiarity with his subject or 
to get competent enough advice to avoid 
such blunders and it should be the duty of 
a responsible publisher to see to it that he 
does. 


Karo. J. 


University of Southern California 
Los Angeles 


Volume 38, Number 5, May 1961 / 275 


‘DT 
| 
rer- 
ind 
La 
Tio 
sla, 
igs. 
| 
ten 
ial- 
ore 
nic 
the 
me 
“he 
‘ies 
of 
nd 
cts 
ive 
eir 
the 
on- 
eir 
nd 
ing 
er- 
ing 
m- 
of 
nic 
nd i 
iti- 
res 
ce. 
io- 
ing | 
ed. 
led | 
ats | 
ey | 
by 
of 
ed 
Ty | 
int 
= | 
cet | 
ed 
od, 
us 
ce 
ice 
KS. 
to 
ric 
to 
of | 
ea 
cal 
‘ 
AD 
ey 


Medicinal Chemistry 


Edited by Alfred Burger, University of 
Virginia, Charlottesville. 2nd edition. 
Interscience Publishers, Inc., New York, 
1960. xiii + 1243 pp. Figs. and 
tables. 19 X 26 cm. Trade edition, 
$37.50, college edition, $27.50. 


Medicinal chemistry is concerned with 
naturally-occurring and synthetic com- 
pounds which may be used in medicine 
for the treatment of disease. This 
includes isolation, characterization, and 
determination of the structure of natural 
products, as well as the synthesis of 
clinically useful drugs. Medicinal chem- 
ists are also concerned with the biological 
mechanisms which explain the activity 
of drugs, and with attempts to relate 
molecular structure to physiological ac- 
tivity. The science had its beginnings 
with the work of Paul Ehrlich, at the end 
of the nineteenth century, but progress 
was relatively slow until World War II. 
Since then tremendous strides have been 
made. These may be reflected in the 
enormous gain in life expectancy since 
1940. Most of the progress in this field 
was described in specific monographs, 
until in 1951 the definitive survey of this 
field, by Alfred Burger, was published in 
two volumes. 

The present volume is the second 
edition of this earlier work. During the 
interval since the appearance of the first 
edition, so much has happened in the 
field that it would have been extremely 
difficult for one man to review it ac- 
curately. Burger is to be commended 
for his willingness to share the honors of 
authorship, already his by right of the 
success of the first edition, with 34 co- 
authors in the second edition, thus getting 
expert help in reviewing specialized areas. 
The second edition has been enlarged from 
43 to 55 chapters, to include many new 
areas not even considered as medicinal 
chemistry 10 years ago, such as Psycho- 
pharmacologicals (Chapter 18) and Drugs 
for Irradiation Sickness (Chapter 55). 

The second edition retains the or- 
ganization of the first. The first nine 
chapters present a historical introduction 
and a broad theoretical background. 
Such subjects as ‘Response of Cells and 
Tissues to Drugs,’”’ by D. R. H. Gourley 
(Chapter 5), “Relation of Chemical 
Structure and Biological Activity,” by 
Burger (Chapter 6), and ‘Metabolite 
Antagonism,” by C. Kaiser (Chapter 9) 
serve to introduce the reader to the later 
special topics. These later chapters deal 
with special classes of drugs, which are 
arranged according to their medicinal 
uses. The pharmacodynamic agents are 
discussed in Chapters 10 through 39. 
Chapter 10, by A. F. Wagner and Karl 
Folkers, deals with the Vitamins. Chapter 
37, by S. B. Barker, Chapter 38, by 
William R. Nes, and Chapter 39, by G. W. 
Anderson, deal with the Thyroid, Steroid, 
and Protein Hormones, respectively. The 
chapters between cover the many syn- 
thetic drugs and natural products acting 
on the various functions of the body. 
Chapter 40 offers an “Introduction to 
Chemotherapy,” by Alfred Burger. The 
following 13 chapters discuss the various 
agents used against invading organisms, 
including the “Chemotherapy of Neo- 
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plastic Diseases” (Chapter 50) by Dean 
F. Gamble, Howard Bond, and Alfred 
Burger, and ‘Antiviral Drugs’? (Chapter 
51) by R. G. Child. Chapter 54 concerns 
“Tracers in Pharmaceutical and Medicinal 
Studies,’’ by Maxwell Gordon. 

This volume represents the most 
comprehensive coverage of the field of 
Medicinal Chemistry available in one 
cover. The text is clear and readable 
and many useful tables improve its use as 
a reference. The emphasis is on the 
organic chemistry of drugs, and the text is 
profusely illustrated by structural for- 
mulas, which are remarkably free from 
error, considering the enormous number 
involved. Although the book is addressed 
to the more advanced reader, it provides a 
useful reference for any chemist. It is 
especially useful in tracing any specific 
drug, and determining its structure or 
chemical name from its proprietary or 
generic name. 


E. CAMPAIGNE 
Indiana University 
Bloomington 


Introduction to a Submolecular Biology 


Albert Szent-Gyérgyi, Institute for Mus- 
cle Research at the Marine Biological 
Laboratory, Woods Hole, Massachu- 
setts. Academic Press, Inc., New York, 
1960. x + 135 pp. Figs. and tables. 
14.5 X 22.5cm. $65. 


This book of 135 pages is recommended 
for those who wish to share the insights 
of a mind which is recognized as one of 
the most penetrating of our generation. 

The chapter headings include Why 
Submolecular Biology?, The Energy Cycle 
of Life, Units and Measures, Electronic 
Mobility, Problems of Charge Transfer, 
On the Mechanism of Drug Action, on 
ATP, and On the Chemistry of the 
Thymus Gland. In the concluding 


‘chapter on The Living State the author 


presents many of his seasoned per- 
spectives. The entire book focusses on 
the electronic level of biochemistry. 

Among Szent-Gyérgyi’s many talents 
is the ability to compress a large area of 
thought into one or a few colorful sentences 
which pentrates to the heart of the matter. 
A few of these follow. ‘Physics is the 
science of probabilities.’”’ ‘Biology is the 
science of the improbable.” ‘One of the 
basic principles of life is “organization” 
by which we mean that if two things are 
put together something new is born, the 
qualities of which are not additive and 
can not be expressed in terms of the 
qualities of the constituents.” ‘What 
admits no doubt in my mind is that the 
Creator must have known a great deal of 
wave mechanics and solid state physics, 
and must have applied them. Certainly, 
he did not limit himself to the molecular 
level when shaping life just to make it 
simpler for the biochemist.”’ ‘Research 
is rarely guided by logic. It is guided 
mostly by hunches, guesses, and intuition. 
All the same, once we get somewhere and 
present our results, we like to present 
them as a logical sequence.” 

Appropriately, the closing lines are, 


“We will really approach the under- 
standing of life when all structures and 
functions, all levels, from the electronic 
to the supramolecular, will merge into 
one single unit. Until then our distin- 
guishing between structure and function, 
classic chemical reactions and quantum 
mechanics, or the sub- and supramolecular, 
only shows the limited nature of our 
approach and understanding.”’ 


Sipney W. Fox 
The Florida State University 
Tallahassee 


A Structure of Science 


Joseph H. Simons. Philosophical 
Library, Inc., New York, 1960. x + 
269 pp. 15 X 22cm. $4.75. 


In the preface, the author indicates he 
is a very modest person. He declares 
that the whole book is an experiment. 
There is no list of references, because 
“the author feels incompetent to provide 
an adequate one,” and he “may mis- 
quote or at least misinterpret the valued 
subject matter.’ There is no index. 

The book is divided into three parts. 
Part 1 attempts to explain the nature of 
science and scientists, and the interaction 
of science with other areas of human 
knowledge and experience. The author’s 
philosophy emerges as a belief that al- 
though science is amoral, the philosophy 
that stems from it is essentially ethical; 
although science can only strive for the 
truth, science provides a way of life 
which is true and beautiful; although 
science has created problems in human 
relationships, the only way out is the 
utilization of more science. 

Part 2 is essentially an elementary 
qualitative description of some of the 
concepts of science, such as force, energy, 
inertia, plus some discussion of time and 
space considered as abstractions. 

Part 3 opens with examples which the 
author cites as evidence that the philo- 
sophical interpretation of scientifie theory 
contains many elements of disorder and 
and confusion. This section embodies 
the primary purpose of the book, by 
presenting a number of speculations 
which the author hopes may lead to re- 
solving some of the _ inconsistencies. 
He is very candid with his readers, 
warning them that his speculations are 
not to be dignified as scientific theories, 
or even hypotheses, but are to be con- 
sidered as “‘only dreamed up relationships 
or postulations that have either stimulated 
thought or provided a feeling of greater 
satisfaction with the laws of science.”’ 

The lack of confidence engendered by 
the author in his preface and the declared 
lack of originality combine to make this 
book unattractive reading. The style is 
boresomely repetitious, frequently dis- 
organized, and spotted with irrelevancies. 
In fact, much of Part I is not connected 
with the primary objective of the book as 
presented in Part ITI. 


Met GoRMAN 
University of San Francisco 
San Francisco, California 
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BOOKS FROM INTERSCIENCE 


An Introduction to the Chemistry of heterocyclic Compounds 


by R. M. ACHESON, Oxford 


This text for the graduate or senior undergraduate level will be welcomed by teaching organic 
chemists who, in the past, have often had to rely upon special lectures to introduce this complex 
subject. It is a concise account of the more important properties and chemical reactions of 
basic heterocyclic systems, using modern electronic systems and mechanistic concepts where 
possible. Recent biochemical developments are brought into the presentation when appro- 
priate. The author’s wide experimental and teaching experience is combined in an astute se- 
yc of material and a treatment which brings the flavor of the research laboratory into the 
classroom. 


Name Index of Organic Reactions 


by J. E. GOWAN, Lecturer in Organic Chemistry, University College, Dublin and T. S. WHEELER, 
Professor of Chemistry, University College 


1960 356 pages $5.00 


A complete rewriting and expansion of the much smaller 1950 edition, originally prepared by 
the Society of Chemical Industry. This new compilation contains nearly 750 named reactions. 
Formulas have been added and the literature citation has been increased to include papers 
which have appeared in the last ten years. Articles in standard reference works have been 
noted, and a supplementary index has been added which provides readily available information 
on methods for the synthesis of compounds containing various functional groups. A useful and 
time-saving tool for both the student and practicing chemist, and for anyone involved with the 
literature of erganic chemistry, who may, for instance, wish to investigate the nature of the 


Ostromyslenskii reaction. 
1960 256 pages $8.50 (U. S. A. only) 


Physics and Archeology 


by M. J. AITKEN, Research Laboratory for Archeology and the History of Art, University of Oxford 


This book describes some of the ways in which physics has been applied to archeology. It is in- 
tended both for the general scientific reader and for the student of archeometry—measurements 
made on archeological material—and it emphasizes methods which produce objective, quanti- 
tative results. The chapters have been carefully sectionalized, so that a reader may omit a part 
he finds too technical without fear of losing his track, and copious references to original papers 
have been included for those wishing to pursue things further. The main subjects discussed are: 
Finding—Magnetic Location—The Proton Magnetometer—Resistivity Surveying—Dating— 
Radiocarbon Dating—Magnetic Dating—Analysis. 


Basic Principles of Fission Reactors 


by W. R. HARPER 


This book will take the reader to about the stage at which detailed reactor design begins, with- 
out assuming any previous knowledge of nuclear technology. However, an appropriate back- 
ground of physics, mathematics, and some chemistry, is required. The first two chapters in- 
troduce important ideas in nuclear engineering new to the reader, which permits description of a 
nuclear power station early in the book. The reactor itself is the centerpiece. Attendant sub- 
jects such as radiation protection, health physics, waste disposal, and economic implications are 
discussed in enough detail to put the reactor in perspective. Though designed as an introduc- 
tion to a postgraduate course, Basic Principles of Fission Reactors is appropriate for the under- 
graduate well-prepared to proceed to a higher degree in science or technology, and it also 
provides a coherent account of reactors to those professionally qualified in neighboring fields. 


1961 324 pages $7.50 


1961 194 pages $6.00 


Great Chemists in Two Volumes 


edited by EDUARD FARBER 


As reflected by the careers and accomplishments of its greatest practitioners, here is a brilliant 
survey of the development of chemistry as an art and a science, from its first beginnings to our 
own day. This abundantly illustrated and beautifully produced collection of 114 biographies, 
many written by intimates of the subject, spans the centuries from the practitioners of ancient 
Babylonia to the delineators uf modern quantum chemistry. 


Two volumes, boxed Approx. 1700 pages June 


INTERSCIENCE PUBLISHERS, INC. 
250 FIFTH AVENUE NEW YORK 1. N. Y. 
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aus ALD BOOKS—— 


ESSENTIALS of 
QUANTITATIVE ANALYSIS 


An Introduction to 
Basic Unit Operations 


A. A. BENEDETTI-PICHLER, 
Queens College, New York 


A highly useful textbook, laboratory 
manual, and reference work for organic 
and inorganic analysis. Book provides a 
comprehensive treatment of quantitative 
analysis with special emphasis on accuracy 
in manipulative techniques and under- 
standing of unit operations. Adaptable to 
all levels of instruction, book includes 
numerous illustrations and reference tables. 
““Impressive...thorough, and based on 
valuable practiral detail.'"—The Chemical 
Age. wondrrful text and reference book." 
—H. D. RHODES, University cf Arizona. 
1956. 666 pp. $12.50 


The EVOLUTION 


of CHEMISTRY 
EDUARD FARBER 


This absorbing study of the origin and 
history of chemistry provides a fuller 
understanding of its concepts and methods 
by integrating its evolution with progress 
made in other sciences and philosophies. 
Book shows how the development of 
theories and the use of experiments have 
led to our present knowledge of the true 
nature of atoms, molecular structure, 
affinity, and chemical reactions. ‘‘Chem- 
ists have reason to be grateful to Dr. Farber for 
having written a well-balanced, scholarly 
work.”’—Journal of the Franklin In- 
Stitute. 1952. 349 pp. 


ISOTOPE EFFECTS 
on REACTION RATES 
LARS MELANDER, 


Nobel Institute of Chemistry, 
Stockholm 


New. This authoritative volume serves 
as an introduction to and theoretical sur- 
vey of the field of kinetic isotope effects, 
with emphasis on principles. Based on the 
theory of absolute reaction rates, current 
formulas for the prediction of kinetic iso- 
tope effects from molecular data are 
developed. The problems encountered in 
the evaluation of isotope effects from ex- 

imental data are discussed; the most 
important relationships are diagrammed. 
Simple reactions are used to illustrate the 
general degree of agreement that may be 
expected between empirical and predicted 


isotope effects. 1960. 181 pp. $6.00 
A volume in a series of monographs, Modern Concepts in 
Chemistry, under the editorship of Bryce Craw- 


ford, Jr., Dean of the Graduate School and Professor of 

Chemistry, University of Minnesota; W. D. McElroy, 

Chairman, Dept. of Biology and Director, McCollum- 

Price Institute, Johns Hopkins University; and Charles C. 

7 


Order your books from: 


THE RONALD PRESS COMPANY 
15 East 26th St., New York 10 
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Crystal-Structure Analysis 


M. J. Buerger, Massachusetts Institute 
of Technology, Cambridge. ‘John Wiley 
& Sons, Inc., New York, 1960. xvii + 
668 pp. Figs. and tables. 16 X 23.5 
em. $18.50. 


In this book Buerger has achieved a 
high degree of detail by careful restriction 
of subject matter. He assumes that the 
reader understands the process of obtain- 
ing X-ray diffraction data and the method 
of determining the unit cell and space 
group, as described in his ‘‘X-ray Crystal- 
lography.”” The present book describes 
the measurement of intensities and the 
methods of deriving from these data the 
positions of the atoms in the unit cell. 
The more advanced methods of inter- 
pretation of the Patterson function are 
not discussed in detail because they are 
the subject of a companion book by the 
same author, “Vector Space and Its 
Application in Crystal-Structure Inves- 
tigation.”” The theory behind these 
procedures is presented, as are practical 
procedures to be followed. 

There is an excellent discussion of the 
physical requirements of crystals suitable 
for study. For example, danger signals 
for the existence of twinning are described. 
The physics of diffraction is treated 
extensively, especially with respect to its 
geometrical properties. Very detailed 
descriptions are given of several simple 
structure determinations. Certain dif- 
ficulties which occur in more complicated 
cases are illustrated by specific examples. 
In the development of Fourier theory, 
the concept of the inverse structure is 
carefully presented. The discussion of the 
phase problem is a clear and concise 
introduction to what is perhaps the most 
controversial aspect of crystallography. 

In ax. of these subjects the theory is 
derived from a sufficiently elementary 
start and by simple enough steps so that 
an average graduate student in physical 
science should be able to follow the 
discussion without difficulty. The author 
mostly avoids the use of the symbols of 
vector algebra. On the other hand, 
familiarity with the conventions for 
representation of symmetry is assumed 
throughout. In some cases the discussion 
reaches rather advanced topics. Each 
chapter is followed by an extensive list of 
references for further details. 

Though considerable space is devoted 
to older methods of making Fourier 
calculations, Buerger gives scant at- 
tention to the modern digital computers 
which are becoming dominant in crystal- 
lographic computations. The discussion 
of intensity correction factors for direct- 
counting methods is rather superficial. 
With these exceptions, the choice of 
topics is excellent. 

Physically the book is very attractive 
with many clear diagrams and _ illus- 
trations. 

The general level and subject matter 
make this book suitable for careful study 
by one who is beginning work in crystal- 
structure analysis. There are many 
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ELEMENTARY 
QUANTITATIVE 
ANALYSIS 


Theory and Practice 


W. J. Blaedel and V. W. Meloche 
University of Wisconsin 


In use in large universities, 
large and small colleges. and in 
junior colleges. 


Used for the general quant. 
course, for quant. courses for 
chem. majors, engineering stu- 
dents, or medical students, and 
for general liberal arts students. 


818 pp. $6.90 


Examination copies available upon re- 
quest to teachers of beginning quant 


ROW, PETERSONS CO. 


Evanston, Ill. Elmsford, N.Y. 
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CHEMISTRY, Second Edition 


By M. J. SIENKO and R. A. PLANE, Cornell 
University. 623 pages. $7.50 


A careful revision and improvement of this excellent text- 
book in college chemistry. Neither the character or the 
scope of the book has been changed, but the authors, with a 
multitude of reviewers, have reexamined and strengthened 
the first edition. The changes result in increased depth and 
lucidity rather than increased size. The aim of the book, as 
before, is to present an introductory course which is quan- 
titative, up-to-date, and of sufficient rigor to prepare the 
student for further work in the field. 


INTRODUCTION TO 
CHEMICAL ENGINEERING © 


By L. BRYCE ANDERSON, The Rice Institute; 
and L. A. WENZEL, Lehigh University. The 
McGraw-Hill Chemical Engineering Series. 
Ready in June, 1961. 


Designed for a fast-paced, rigorous one semester course to in- 
troduce the sophomore to the chemical engineering profession 
and to the chemical process industries. The authors’ objec- 
tive is to cover the topics usually covered in stoichiometry, 
but also to give the student knowledge of and enthusiasm for 
the field of chemical engineering, so he will have a greater 
sense of purpose as he proceeds through subsequent courses. 


PRINCIPLES OF ORGANIC CHEMISTRY 


By JAMES ENGLISH and HAROLD CASSIDY, 
Yale University. Ready in August, 1961. 


A general revision and updating of an established text in- 
tended primarily for full-year courses for ore-meds and other 
non-majors, but also suitable for one-semester courses. 
Avoiding the encyclopedic approach of some texts, the au- 
thors have been highly selective and present only those topics 
necessary to demonstrate basic principles. 


HANDBOOK OF CHEMISTRY, Tenth Edition 


By NORBERT A. LANGE, Professional Engi- 
neer. 1969 pages, $9.00. (Text edition). 


A new revision of this long-regarded classic reference work. 
Formula weights of inorganic compounds, gravimetric and 
boiling points, solubilities, densities, and other material has 
been brought up-to-date in this latest edition. 


Send for copies oe 
on approval 


+ Outstanding McGraw-Hill Books + + + 


CHEMICAL THERMODYNAMICS 


By J. G. KIRKWOOD; and IRWIN OPPEN- 
HEIM, Convair Division of General Dynamics. 
Ready in June, 1961. 


A senior-graduate text with Physical Chemistry prerequisite. 
Text presents rigorous treatments of gas mixtures and heter- 
ogeneous equilibrium and also of electrochemical systems 
and dielectrics. Contains a new formulation of the Second 
Law and an important statement of relationship between the 
Second Law and the Carathedeodory Principle. 


THE DETERMINATION OF STABILITY 
CONSTANTS and Other Equilibrium 
Constants in Solution 


By F. J. C. ROSSOTTI and HAZEL S. ROS- 
SOTTI, University of Edinburgh. McGraw- 
Hill Series in Advanced Chemistry. Ready in 
August, 1961. 


A comprehensive guide to the study of complex forma- 
tion in solution. The material is restricted to discussion 
of the experimental and computational methods used to 
study equilibria in solution. Emphasis is therefore placed 
on methods to determine equilibrium constants in systems 
where several species coexist. Concern throughout is fo- 
cused on the intelligent design of experiments, careful meas- 
urements, and rigorous mathematical analysis. 


PRINCIPLES OF CHEMISTRY 


By L. A. HILLER, Jr., University of Illinois; and 
R. H. HERBER, Rutgers University. 735 pages, 
$7.75. 


As high schools better prepare their students, it becomes nec- 
essary to introduce them to college chemistry in a more 
challenging manner. Hiller and Herber is an extraordinarily 
well-written, rigorous general chemistry textbook. Where- 
ever possible, quantitative relationships between the 
various parameters which describe chemical systems have 
been developed to the point where the student can make 
proper use of these equations. The book is designed to 
acquaint the student with a modern approach to the study of 
chemistry. 


PHYSICAL CHEMISTRY 


By GORDON M. BARROW, Case Institute of 
Technology. Ready in May, 1961. 


A modern text prepared with an eye toward unifying 
the content of physical chemistry by interpreting quantita- 
tive chemical behavior in terms of molecular behavior. 
All physical chemistry is treated from a structural approach, 
emphasizing the knowledge of the molecular world that can 
be gained by theory or experiment and the application of 
this knowledge to the understanding of macroscopic be- 
havior. A problem book will be available. 


McGraw-Hill Book Company, Inc. 
330 West 42nd Street, New York 36, New York 
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new... 
from 
beam 
to base! 


They were the standard . . . they were the best— 
yet our student models have been improved to meet new standards! 


No matter how good a Voland balance 
may be, we're always striving to improve 
it even further. And our research and 
design staff has succeeded most hand- 
somely, in these more functional versions 
of our classic Student Models #100 and 
#200. 


@ New one-piece cabinet—simple and 
rugged—in rich contrasting grays @ all 
metal parts chrome plated or finished in 
black lacquer @ full width door lift © greater 
visibility @ a delight to the eye—and easier to 
use! 


@ ONLY VOLAND BALANCES HAVE THE 
MICRO-WEDGE (R) BEAM AND CON- 
TROLLED LOAD SUSPENSION. 


©@Completely redesigned rider rod carrier 


mech 


oth, permanently aligned 
with beam @ cabinet can be lifted off leaving 
operating mechanism intact. 


New Voland student balance models are the 
simplest to operate, keep accuracy longest, and 
are casiest to maintain of any student balance. 
THEY OFFER UNBEATABLE VALUE! 


See Your Dealer for Detailed Specifications or 
Write for Circular A-1 


Model #100, with gray Colorlith (R) 
chemical-resistant base, and two 10 mg 


Model #200, with black Carrara glass 
base and brushed aluminum sub-base, 
and two 10 mg riders...... 


VOLAND 


CORPORATION 


Dept. B-2, 27 Centre Ave., New Rochelle, N. Y. 
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sections which could be studied with 
profit by rather experienced crystallog- 
raphers. While it is perhaps too spe- 
cialized to be suitable as the textbook 
of a first course in crystallography for 
students not planning research in that 
field, much of it would be excellent col- 
lateral reading for such a course. 


Davin H. TEMPLETON 
University of California 
Berkeley 


Physical Chemistry of Surfaces 


Arthur W. Adamson, University of 
Southern California, Los Angeles. 
Interscience Publishers, Inc., New York, 
1960. xiv + 629 pp. Figs. and 
tables. 16 X 23.5em. $12.75. 


For students of all kinds this book 
would provide a good reference to the more 
“classical” parts of the subject. The 
approach is that laid down by the late 
Professor W. D. Harkins of Chicago some 
20 years ago. Perhaps the selection of 
topics might be defended as the result of a 
sharp distinction between physical chem- 
istry and chemical physics, but in any 
case the result has been to exclude most 
of the topics of intense current research 
activity: microscopy of thin films, kinetics 
of crystal growth, semiconductor surfaces, 
surface states and catalysis, grain bound- 
aries in solids, etc. 

Slightly less than one-third of the book 
is devoted to capillarity, liquid-gas 
interfaces, and surface films on liquids. 
The treatment would serve as excellent 
background material for the usual experi- 
ments on the subject in the elementary 
physical chemistry laboratory. The elec- 
trochemical aspects of surfaces are sum- 
marized in a 50-page chapter, but ir- 
reversible thermodynamics is not in- 
troduced. Chapter V_ discusses the 
surfaces of solids in 80 pages without 
much logical organization. It starts with 
a vague account of sintering. There 
follow, however, adequate discussions of 
the surface tension of solids and contact 
angles. The subject of chemical reactions 
of solid surfaces is allotted only four pages. 
A short section on nucleation and crystal 
growth is old fashioned, and seems to miss 
completely the important point that 
spontaneous nucleation is practically 
impossible. There are short,. interesting 
chapters, with a technical slant, on 
friction and lubrication, wetting and 
detergency, emulsions and foams. The 
adsorption of gases on solids and its use in 
estimating surface areas are treated 
extensively in 100 pages. This discussion 
is detailed and accurate, but there are 
serious omissions, such as gas chromatog- 
raphy and the many valuable appli- 
cations of statistical mechanics. The 
book concludes with short chapters on 
catalysis and adsorption from solution. 

All in all, this book is rather uneven. 
There is no doubt that it will be a useful 
reference for the material on capillarity 
and surface areas. The rest of the book 
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Select a Saunders text 
to suit course “me--your teaching methods 


Combines text and lab manual 


New (2nd) Edition 


Fischer -- Quantitative Chemical Analysis 


This extremely flexible text covers all phases of 
quantitative chemical analysis—from a review of 
fundamental principles to Polarography. De- 
signed for students familiar with basic chemis- 
try, this book contains, in addition to lucid 
text, 43 laboratory experiments, numerous sam- 
ple problems completely worked out and more 
than enough problems for assignment at the 
end of each chapter. The author covers all 
phases of quantitative analysis—fundamental 
principles, gravimetric and volumetric methods 


Covers first-year chemistry 


(the order in which these two are taught can be 
reversed to suit your teaching methods), optical 
and electrical methods. New material has 
been included on analytical balance; precipita- 
tion processes; neutralization reactions; com- 
plexometric titration; theoretical treatment of 
oxidation-reduction reactions. You'll find new 
experiments on optical and electrical methods, 
using relatively inexpensive laboratory equip- 
ment. All line drawings are completely new. 


By ROBERT B. FISCHER, Ph.D., Professor of Chemistry, Indiana University. 
501 pages, illustrated. About $6.75. New (2nd) Edition—Just Ready! 


Second Edition 


Luder, Vernon & Zuffanti--General Chemistry 


‘From introductory considerations of the scien- 


tific method through the complexities of poly- 
merization, this book guides students though the 


’ freshman year of chemistry. A rigorous book, 


it emphasizes the theoretical aspects of chemis- 
try. Experimental facts are given first, fol- 
lowed by the theory that explains them. Wher- 
ever possible, the authors interpret chemical 
behavior in terms of the modern electronic 
theory. So that you may adapt it to your class, 


the authors present the 18-column and 8-column 
charts of the elements in addition to the full 
32-column chart. As a further aid to study, a 
special summary precedes each chapter. Prob- 
blems and questions follow each chapter. With 
its emphasis on theoretical aspects and its sys- 
tematic approach, this is a sound text for science 


and chemistry majors. 


PLD. Poca LUDER, Ph.D., Professor of Chemistry; ARTHUR A. VERNON, 
D Professor of Chemistry; and SAVERIO ZUFFANTI, Professor of Chemistry, 

Department of Chemistry, Northeastern University, Boston, Mass. 582 pages. 
6”x914”, with 149 illustrations. $6.75. Second Edition 


Consolidates basic chemistry into a shorter course 


Estok--Organic Chemistry 


Designed for one-semester or one-quarter courses, 
this short text is ideal for students of agricul- 
ture, home economics, veterinary sciences and 
other fields requiring a sound background in 
organic principles. The 14 chapters in this book 
cover only those reactions necessary to a basic 
understanding of organic chemistry. Students, 
and their teachers, will find these features par- 
ticularly useful: numerous discussions of in- 
dustrial processes and products in which organic 
chemistry is put to use; the integration of ali- 


phatic and aromatic compounds; liberal use of 
structural formulas; the ‘‘scientific’’ rather than 
popular style of writing. 31 fact-packed tables 
give students data on such subjects as: composi- 
tion of a typical petroleum; percentage acid 
contents of some typical fats and oils; and 
synthetic addition polymers. Here you will 
find the scientific approach merged with practi- 
cal applications. 


By GEORGE K. ESTOK, Ph.D., Professor of Chemistry, University of San Diego, 
College for Men. 275 pages, 6” x94”, illustrated. 50. 


Gladly sent to teachers on approval 


W. B. Saunders Company, West Washington Square, Philadelphia 5 
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with another Kern first... 


the all new safety-pipette holder 
that fits the hand! 


© Eliminates risk of infection and poisoning. 

@ May be used with any ordinary pipette (including those 
with short protection space.) 

© Glass is heat resistant borosilicate. 

© Glass is the only part of holder that comes in contact 


with the liquid. Does away with contamination caused 
when using a rubber bulb or connection. 


K-7000 e pong use of all sizes of pipettes including Lambda 


Cat. No. to 
K-7020 K-7015 


10% discount with purchase 


© Uniform control of pipettes never obtainable before. 


@ All parts of the pipette holder are completely 
interchangeable. 


of five or more complete Complete 

units. “Safety Set’? = 

K-7020 $6.25 K-7000 _— from 0.5 to 2cc (not incl.) $5.50 

K-7020 ‘‘Micro-Safety”’ | .7005 from2.0to5cc(notincl.) $5.75 

Pipetting-Holder for all 

pipettes up to lcc. Specially K-7010 from 5.0 to 10cc (not incl.) $6.00 

for Lambda .7015 from 10 to 20cc $6.50 

Actual length of a in use is 544”. Designed 

SEND FOR COMPLETE to fit in one hand for spectacular ease of operation . . . 


made of a wa which will withstand all autoclaving 
LITERATURE DESCRIBING temperatures . . . nothing on the market can compare for | 
KERN-EXELO STOPCOCKS. quality! | 


SEE YOUR LOCAL LABORATORY SUPPLY DEALER OR CONTACT 
SUPPLY 


KERN CHEMICAL CORP. 


2611 EXPOSITION BOULEVARD + _ LOS ANGELES 18, CALIFORNIA 


positi 


detection... 


with BROTHERS 

test proven Detection Kit. 
Sensitive well below the mac“ range 
= Consistant results = Easy to use 


" Wide choice of tubes 
_ Don’t ‘take chances with poisonous and dead- 
' ly vapors and gases. This easy-to-use, preci- 
_ Sion instrument will tell you when dangerous 
environment exists . . . down to a few PPM. 
Send for complete literature. 
* MAXIMUM ALLOWABLE CONCENTRATIONS for 
exposure —- an eight hour day — at 


the 22nd annual meeting of the Amer 
Conference of Governmental industrial “Hygienists. 


LABORATORY 
LA148 


$ 85.00 
COMPLETE with pump, 
remote sampler and 

one hundred tubes in 
sturdy leather case. 


BROTHERS 
ORANGE, -NEW JERSEY. 
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lacks the balance that would have been 
provided by a concern with current 
research in the field. 


Wa J. Moore 
Indiana University 
Bloomington 


Nutritional Evaluation of Food 
Processing 


Edited by Robert S. Harris, Massachu- 
setts Institute of Technology, Cam- 
bridge, and Harry von Loesecke, formerly 
Agricultural Research Service, U. S. 
Department of Agriculture. John 
Wiley & Sons, Inc., New York, 1960. 
xviii + 612 pp. Figs. and tables. 
16 X 23.5em. $12. 


This book represents the efforts of 33 
recognized authorities in the fields of 
nutrition biochemistry and food tech- 
nology to evaluate the effects of processing 
upon the nutritional value of foods as 
they proceed from “garden to gullet.’ 
The varied material of this book is 
presented in 13 chapters, each chapter 
followed by a list of references. The 
following topics give an appreciation of the 
range of areas covered: influences of 
genetics and of agricultural practices on 
the composition of foods; relation of 
harvesting and handling practices of 
unprocessed foods to their composition; 
effects of commercial processing on the 
composition of fruits and vegetables; 
effects of commercial processing of milk 
and milk products on their composition; 
effects of commercial processing of cereals 
on their composition; effects of com- 
mercial processing of oilseeds and oil on 
their composition; influence of com- 
mercial processing on the composition of 
meat, poultry, and fish products; relation 
of packaging materials to maintenance of 
nutritive value; effect of commercial 
storage on the nutritive value of processed 
foods; losses in nutrients during large- 
scale preparation for direct feeding; losses 
in nutrients during home preparation of 
foods; methods of increasing the nutritive 
value of foods; factors affecting utilization 
of food nutrients by the normal organism. 
An index is arranged by both author and 
subject sequence. 

The book contains some shortcomings 
often associated with collected work. 
For example, there is some overlapping 
in some areas and while some subjects 
are treated with accuracy and provide 
up-to-date information, others are not so 
well prepared. 

To our knowledge, however, this is the 
first published accumulation of knowl- 
edge concerning the various nutritional 
aspects of food processing. It will serve 
as a useful text for the student of food 
technology, home economics, or nutrition 
and can be of great value to both the 
commercial producer or manufacturer 
and to the consumer. 


Irvine 8. FAGERSON 
University of Massachusetts 
Amherst 
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CHEMISTRY TEXTS OF UNUSUAL INTEREST 


COLLEGE CHEMISTRY: A Systematic Approach Second Edition 


by Harry H. Sisler, Professor and Chairman of the Department of Chemistry, University of Florida; CalvinW. Vander Werf 


and Arthur W. Davidson; both, Professors of Chemistry, University of Kansas 


GENERAL CHEMISTRY: A Systematic Approach 


The second edition of this outstanding text 
features a new treatment of chemical 
equilibrium; an element-by-element dis- 
cussion of the synthesis of new elements; 
a chapter on rocket fuels and on the chem- 


by Harry H. Sisler, Calvin A. Vander Werf, and Arthur W. Davidson 


This text presents a sound, balanced sur- 
vey of chemistry for students who expect 
to do more advanced work in the subject. 
It emphasizes the consistent correlation of 


istry of life; 150 new illustrations, and a 
wide selection of problems of graduated 
difficulty. 


1961 709 pages $7.50 
Second Edition 


chemical and physical properties of ele- 
ments and their compounds with atomic 
and molecular structure. 

1959 851 pages $7.95 


A Systematic Laboratory Course in General Chemistry Second Edition 
by Harry H. Sisler and Jay J. Stewart, Research and Development, E. I. duPont de Nemours 


& Co., Inc., Wilmington 


A SHORT COURSE OF ORGANIC CHEMISTRY 


by John Edward Leffler, Associate Professor of Chemistry, Florida State University 


This text introduces basic concepts, lan- 

uage, and symbolism of organic chemistry 
SS students who are not majoring in the 
subject. Special reference is given to the 


role of organic chemistry in industry, its 


relation to other aspects of our culture, 


Spring, 1961 


and its place in everyday life. Chapters 
on special types, showing practical appli- 
cation of concepts and information, are 


provided. 
1959 201 pages $5.50 


THE CHEMISTRY OF ORGANIC COMPOUNDS Fifth Edition 


by James Bryant Conant, President Emeritus of Harvard University, and A. H. Blatt, Professor of Chemistry, Queens 


College, New York 


This text provides essential material for a 
first year course in organic chemistry. 
Concepts are ienedenel in relation to 
their application; mechanisms are dis- 
cussed in connection with reactions to 


TEXTBOOK OF INORGANIC CHEMISTRY 


by S. Young Tyree, Professor of Chemistry, University of North Carolina, and Kerro Knox, Member of the Technical Staff, 
Bell Telephone Laboratories, Inc. 


Material in this textbook, designed for 
courses in inorganic chemistry that require 
no bodenal in physical chemistry, is 
organized according to groups of elements 
in the periodic table. For each element, 


which they apply, and bond types are 
considered in connection with structures 
containing them. Practical applications of 
special topics are explored. 

1959 652 pages $7.75 


occurrence and history, preparation, phys- 
ical properties, and chemical properties 
and compounds are outlined. 


1961 434 pages $7.00 


QUALITATIVE ANALYSIS ARD ANALYTICAL CHEMICAL SEPARATIONS 


Second Edition 


by Philip W. West, Boyd Professor of Chemistry, and Maurice M. Vick, Associate Professor of Chemistry; both, Louisiana 


State University 


Using the non-sulfide scheme of separation, 
this text provides a thorough course in 
laboratory studies of inorganic ionic reac- 
tions based on qualitative analysis and 
chemical separations. This method per- 
mits close correlation between lectures 


and laboratory work; is adaptable to both 
semimicro and macro procedure, and re- 
sults in presentation of theoretical princi- 
ples with a minimum of discussion. 


1959 302 pages $4.50 


She Macmillan Company 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
A DIVISION OF THE CROWELL-COLLIER PUBLISHING COMPANY 
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... for Balance Satisfaction 


STANTON 


UNIMATIC 


SINGLE PAN 
BALANCE 


© Complete Weighing In Seconds 
© Easy Access Front Opening 


© Convenient Grouping Of Controls, 
Pan, Counter Indicator And Graticule 
Screen Simplify Operation 


© Beautiful Design, Sturdy Construction 


The Stanton Unimatic Single Pan Balance, Model CL1, is a completely 
new precision balance. It is constructed on the constant-load principle 
thus avoiding errors due to inequality of lever arms, and slight varia- 
tions in sensitivity due to major changes in load. Synthetic sapphire 
knives and planes give longer life and the grouped controls at bench 
level simplify operation. 

Features include air damping, full external weight loading to 200 
grams without use of loose weights or extra dials plus numerous other 
important advantages. Cat. No. 2-567-51. . . .820.00 


for Balance Satisfaction 


BURRELL CORPORATION 
SCIENTIFIC INSTRUMENTS AND LABORATORY SUPPLIES 
2223 FIFTH AVENUE, PITTSBURGH 19, PA. 
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Encyclopedia of Chemical Technology. 
Second Supplement Volume 


Edited by Raymond E. Kirk and Donald 
F. Othmer, both of Polytechnic In- 
stitute of Brooklyn, New York. 2nd 
supplement volume, edited by Anthony 
Standen. Interscience Encyclopedia, 
Inc., New York, 1960. xv + 970 pp. 
Figs. and tables. 20 X 27cm. $25. 


It takes a good book like this to jolt the 
reader to realize that there has been such 
a tremendous amount of new develop- 
ments since the appearance of the first 
15 volumes of the Encyclopedia of Chem- 
ical Technology in 1957. This second sup- 
plement to the Encyclopedia of Chemical 
Technology, like the first supplement, 
consists of 59 independent articles ar- 
ranged alphabetically. Cross references 
are made to articles in the original 15 
volumes of the Encyclopedia and to the 
first supplement. 

The index covers this volume alone and 
should be consulted together with the in- 
dex to the first supplement and to the 
index to the original set, in Volume 15. 
An integrated list of the articles in the 
first 15 volumes, together with the two 
supplements, appears at the end of this 
volume. 

This supplement was edited by Dr. 
Anthony Standen who should be com- 
mended for the outstanding job. 

There are 59 major subjects covered 
in this supplement. These are all covered 
in the extremely high quality consistent 
with the first 15 volumes. Although each 
article is very well presented, the ones 
which were of greatest interest to this 
reviewer included the articles on Acety- 
lene, Acetylenic Alcohols, Borazines, 
Boron Compounds, Electric Cells, Ce- 
ramics, Chemical Coding, Chitin, Cryo- 
genics, Diffusion Separation, Electro- 
deposition, Epoxidation, Free Radicals, 
Fuel Cells, Gas Chromatography, Mag- 
netic Materials, Synthetic Mica, Nonionic 
Surfactants, Oxo Process, Polycarbonates, 
Polymethylbenzenes, Polyoxetanes, Poly- 
propylene, Polyvinylpyrrolidone, Solid 
State, Solions, Stereoregular Polymers, 
Thermoelectric Power, Ultraviolet Absorb- 
ers, and Unsaturated Polyester Resins. 

No library, including the high school 
libraries, should be without the entire 
set of Encyclopedia of Technology. This 
certainly includes the first and second 
Supplement Volumes. 


Joun J. McKerra 
University of Texas 
Austin 


Statistical Theory and Methodology in 
Science and Engineering 


K. A. Brownlee, University of Chicago, 
Chicago, Illinois. John Wiley & Sons, 
Inc., New York, 1960. xv + 570 pp. 
Figs. and tables. 16 XX 23.5 cm. 
$16.75. 


A dozen years ago Brownlee’s little 
book “Industrial Experimentation’’ was 
exactly right for the times and inspired 
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BUNGS AND 
CORKS with .. 


(MULTIFIX) 


multipurpose 


apparatus 


Corks and bungs can be bored quickly 
and efficiently by unskilled personnel. 


The unsatisfactory tapering effect and Other 
laborious operation normally associated Attachments 
with hand operated boring are com- Available: 
pletely eliminated. 
STIRRERS 
The Cork Borer is one attachment MAGNETIC STIRRERS 
to the MULTIFIX 1/10 H.P. electric SUCTION AND 


Multi-Purpose motor which is the basis COMPRESSED AIR PUMPS 
of the whole range of laboratory and LIQUID PUMPS 
workshop devices which make up this GRINDERS « JIG SAWS 
very versatile equipment. Snap-on at- CIRCULAR SAWS 
tachments are quickly made to perform POLISHING MOP ARBORS 
many duties for both laboratory and SMALL HAND TOOLS 


workshop. 
For full details of this equipment, or the NEW 
1961 44-page Bel-Art Catalog showing hundreds Lee tg 
of plastic ware items for science and industry, \ h IN 
consult your nearest dealer or write to: N N 
\ 


BEL-ART PRODUCTS, 


PEQUANNOCK, N. J. OXbow 4-0500 


This. undivided tare makes pos- 
sible direct reading of net val- 
ues of materials weighed in con- 
tainers. Handle makes movement 
of i action tare bowing 


MODEL 
1560-S 


list price 


$28.00 


METRIC 


Science Teachers, Laboratory 
Per up the Science amie 


_ with New Tops, Fixtures : 
and Furniture Specialties 
LABCONCO 


Science rooms and laboratories get old and shabby. | 
_ is often surprising what new resistant tops, sinks, 
¢ fixtures, and accessories can do 
_ for your present facilities. 


_ These items, as well as hoods, 
_ Carts, and other science room 
. specialties are described and 

Priced in LABCONCO’s new cat- 
~ allog FS. A free copy is yours 
: for the asking. It is a real aid 
a to anyone concerned with 
modernization, enlargement, or 


a laboratory. Mail the coupon today for your copy. "4 

I LABORATORY CONSTRUCTION co. ! 
i 8811 Prospect, Kansas City 32, Mo. ] 
J Please send me the Labconco catalogue of furni- i 
| ture specialties for science rooms and laboratories. § 
| i 
NAME_ 
SCHOOL OR I 
i INSTITUTION i 

ADDRESS 

i | 
STATE | 


LABORATORY CONSTRUCTION CO. 
8811 Prospect, Kansas City 32, Mo. 
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ARVARD TRIP 
BALANCE 
| 
with CONVENIENT UNDIVIDED TARE | 
\ 
aX 
CAPACITY... | 
2 Kg. 
SENSITIVITY 
56 4 0.1 Gram 


BOOK REVIEWS 


many (including this reviewer) to try 
statistically designed experiments. With 
the publication of this new work, Professor 
Brownlee has again produced a book 
appropriate to the times. In contrast to 
the earlier book, this one bristles with 
proofs and mathematical demonstrations. 
The level is “elementary” and most 
steps involve only simple algebra, but the 
reader will soon find himself in that sea of 
symbolism so necessary in any detailed 
exposition of the mathematical structure 
of statistics. 

The development of the subject follows 
the order: introductory ideas, binomial, 
hypergeometric, Poisson, chi-square dis- 
tributions, control charts, nonparametric 
tests, parametric tests for means and 
variances, analysis of variance, and 
regression. One- through four-way anal- 
yses of variance are considered in great 
detail as are completely and partially 
hierarchical (nested) designs. Particular 
attention is paid to the expectations of 
mean squares for various models. Re- 


“Multiple Unit’’ 


CRUCIBLE FURNACES 
‘Temperatures to 2300° F. 


Designed for 

* Melting Small Quantities of Metals 

* Pyrometer Calibrations 
* Heating All Materials Contained in Crucibles 


Laboratory technicians using Hevi-Duty 
Crucible Furnaces find they give the de- 
pendable service demanded by exacting re- 
search. Improved insulation and sturdy, 
long-life heating element construction are a 
few of the advantageous features. 


Write for Bulletin 1246. WAU CRUCIBLE FURNACES TO 1850° F. gression is also treated in more than usual 

Chamber detail. 
Type Heating oy A splendid feature of this book is the 
7) HOT CRUCIBLE FURNACES TO 2300° F. Dia. Deep use of many real examples taken from the 
ot HDT-304*° | 3” x4” $170.00° 82 234" x 4" $ 47.50 literature of chemistry and physies both 
| HpT-506° | x6" 270.00" 84 3” 58.00 for expository purposes and as problems. 
HDT-812° | 8” x 12" pS 86 3” x5" 71.00 Answers to about one-third of the prob- 
506 5” x6" 110.00 lems are given. Both general and specific 


references are provided for further study. 
Despite the fact that this book is 
designed to be a text (for students major- 
ing in either statistics or an experimental 
science), the subjects are covered in such 
“Multiple Unit” | detail that it should prove useful for self- 


Af study. Experimental designs are not 
MUFFLE FURNACE 


covered in any depth, but topics in this 
Temperatures to 1850° F. 


} *Requires a Transformer, 
| 
} 


field are listed and pertinent references 
are given. An appendix includes 10 
commonly used tables. The typography 
and figures are excellent. The author 
has succeeded in his objective of providing 
the means for obtaining both facility and 
self-confidence in the use of statistical 
methods. 


This furnace is a complete self-con- 
tained unit with the temperature 
indicating and controlling devices 
conveniently located in the pyram- 
idal base. Four interchangeable and 
reversible heating units of heavy 
gauge Nickel Chromium Wire in- 
stalled in grooved refractory plates 
completely surround the heating 
chamber. 


Write for Bulletin 849 for complete details. 


Luiorp 8. NELSON 
General Electric Lamp Division 
Cleveland, Ohio 


Gmelins Handbuch der Anorganischen 
Chemie. 8 Auflage. System Num- 


: : : Edited by the Gmelin Institute under 
051-PT 1150 5% : 4 $ 145.00 the direction of E. H. B. Pietsch. 8th 
052-PT 1440 4% 10 3 210.00 edition. Verlag Chemie, GMBH., 
: 054-PT 2070 5% 12 4 245.00 Weinheim, Bergstrasse, 1959. 802 pp. 
056-PT 3400 7% 14 5 315.00 Figs. and tables. 17.5 xX 25.5 cm. 
012148-PT* 6500 11% 14 8 1050.00 Paperbound. $121. 
Operating voltage either 115 or 230 volts A.C. only except 012148-PT is 230 volt only. : ; 
*Automatic temperature control $230.00 additional. This supplement represents a collection 


of research results from 1924 to the end 
of 1949. There was a need for a supple- 
ment to the earlier Gmelin volume dealing 
with cadmium as evidenced by the extent 


‘BI iP of the literature surveyed by this new 
work. The magnitude of this supplement 


A DIVISION OF JC] —] BASIC PRODUCTS CORPORATION makes it virtually impossible to evaluate 


critically the volume of its entirety. 
HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN However, the following will give the 


Industrial Furnaces and Ovens, Electric and Fuel * Laboratory Furnaces + Dry Type Transformers * Constant Current Regulators (Continued on page A374) 


] 
| 
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portable 


...on tap! 


Trip the valve... handle-pumped pressure instantly 
sends cleansing, diluting water streams into suddenly 
contaminated eyes. This fully portable, on-the-job first 
aid bridges the gap until medical help arrives. Find out 
about all of Haws positive action emergency equipment. 


Write for our new catalog — today! 


PORTABLE EYE-WASH 


SINCE 1909 
a product of 


HAWS DRINKING FAUCET COMPANY 
1443 Fourth Street « Berkeley 10, Calif. 
EXPORT DEPT.: 19 Columbus Avenue, San Francisco 11, California, U.S.A. 


INDIVIDUAL ATOMS 
AND MOLECULES 


N.I.L. MUELLER 


FIELD-EMISSION ELECTR 
MICROSCOPE 


The Incomparable Teaching Tool! 


MADE 
VISIBLE 


by the 


@ MAGNIFICATION 
Up to 2 Million Diameters 


RESOLUTION 
5 Angstroms 


SIMPLE-SAFE 
e@ VERSATILE 


Demonstrates evapo- 
ration, absorption, 
and thermal diffusion 
of atoms. 


e@ LOW PRICE 


N.LL. also makes the completely equipped model FFEM-R-36 for 
interchangeable samples, as well as component vecuum and 
control systems. SEND FOR BULLETIN 158 


[XSTRUMENT [ABORATORIS,. 


WASHINGTON, D. C. 


pH At Your Fingertips 


RECORDING pH METER 


A pH meter and strip chart recorder in one. 
Line operated. Simple to operate. Continuously 
indicating. Write for Bulletin No. 38. 


POCKET 
pH METER 


Battery operated. Com- 
pletely self contained in 
water-proof everready 
case with shoulder strap. 
Meter scaled 2-12 pH, 
for full pH scale. 
Write for ‘ene 
tin No. 100 


REDOX-pH METER 


Dual Probe. Line operated. Large 
0-14 pH scale. For simultaneous 
millivolt and pH readings without 
changing electrodes. emperature 
compensator 0-100°C. 


Write for Bulletin No. 700 MV-pH. 


BIG SCALE pH METER 


Line operated with protected Analytical 
Probe Unit. Large 7” 0-14 pH scale. 
One operating control. 
Write for Bulletin No. 700. 


Prices of Analytical pH Meters start at $125.00. | 
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/nsist On... MEY DULINE 


Modern Laboratory Furniture 
Designed and Built by Aloe 


Maximum in flexibility, quality, and economy 
are achieved with Moduline furniture. In use 
nationwide . . . the result of Aloe’s years 

of experience in manufacturing and selling 
laboratory equipment to customers whose 
needs are specialized. ALOE MODULINE 
is flexible in function and arrangement, 
permanent in its all-welded construction, 
economical in its initial cost an up keep. 


Where ever the dest in laboratory furniture 
is called for, more and more builders specify 
Aloe Moduline. 


For the new Modul-Aid Kit that enables you to 


ioe design your own laboratory and a 32 page 
Moduline Catalog, showing the complete line, 


contact your nearby Aloe Office today. 


DIVISION OF BRUNSWICK CORPORATION 
General Offices: 1831 Olive St. © St. Louis 3, Missouri 
FULLY STOCKED DIVISIONS COAST-TO-COAST 


BOOK REVIEWS 


prospective purchaser some idea of the 
topics treated. 

A small section is devoted to the 
preparations (primarily industrial) of the 
pure element by distillation, concentra- 
tion, electrolysis, and chemical reaction. 
The physical properties are thoroughly 
treated in a large section (140 pages) 
of this 802-page supplementary volume. 
This section contains discussion of the 
crystallographic, mechanical, thermal, op- 
tical, magnetic and electrical properties of 
cadmium. 

The electro-chemical behavior section 
(127 pages) contains, in addition to 
standard potential data, subjects of 
current interest such as the Cadmium- 
Nickel battery (up to 1958) and the 
polarographic behavior of cadmium in 
aqueous and non-aqueous media. Thirty 
eight pages are devoted to the electrolytic 
deposition of cadmium from a variety of 
baths. 

Reactions of elemental and ionic cad- 
mium have been surveyed in great detail. 
The ionic reactions are treated with a 
special view toward those reactions of 
analytical importance. Topics of current 
interest, such as the reactions of the 
cadmium ion with organic compounds are 
extensively examined. 

A section on alloys composes 60 pages, 
with a great deal of this space devoted to 
cadmium-zine alloys. Every conceivable 
compound and complex has been covered 
in the section devoted to cadmium com- 
pounds. 

This extensive source of information 
should serve as an excellent guide for 
anyone starting a literature search for 
information concerning this element. 


THEODORE R. WILLIAMS 
The College of Wooster 
Wooster, Ohio 


A Short History of Chemistry 


J. R. Partington, University of London, 
England. 3rd ed. Harper Torchbook, 
Harper & Brothers, New York, 1960. 
xiii + 415 pp. 127 figs. 20 X 13.5 cm. 
Paperbound. $1.95. 


The first edition of this book appeared 
in 1937, when it was given a favorable 
review in THIS JOURNAL (15, 198 (1938)) 
by the late Tenney L. Davis. An essen- 
tially unchanged second edition appeared in 
1948, a third edition in 1957. The latter, 
from which this paperback edition is taken, 
is little changed from the first except for 
small expansions of the chapters dealing 
with physical chemistry and atomic struc- 
ture. Since the book is a sound and 
concise treatment of the growth of chem- 
istry to the twentieth century, it is good 
to have it available in a well-printed but 
inexpensive reprint. 


Aaron J. InpE 
University of Wisconsin 
Madison 
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The new PROPIPETTE eliminates the dangerous practice of 
using the mouth to draw liquids into pipettes. It is simple to 
use and the operator soon becomes proficient so that liquids 
can be delivered quickly, precisely and safely. Measurement 


preci is extremely high (0.01cc). The instrument has three 
agate-ball valves which operate independently and the entire 
procedure can be done with only one hand. 


comes in black, red, green and blue. - - PRICE $7.60 each 
Available through laboratory dealers. sent on approval 
All laboratory pipettes can be used with 
the PROPIPETTE — Safety Pipette Filler 
Write for additional information 


INSTRUMENTATION ASSOCIATES 


Distributors of Laboratory and Scientific Specialties 
17 West 6Oth Street : New York 23, N.Y. 


| 
Onder | 
| 
| 
| 
| 
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CHEMICAL THERMOMETERS 


With porcelain scale (Enclosed Milk Glass Scale) | 
or engraved on stem. In the following ranges: 


—10to 110°C, —10to 150°C, —5 to 200°C, 
—5 to 250°C, —5 to 360°C, 0 to 220°F. ' 


BECKMAN DIFFERENTIAL THERMOMETERS 


Reading Upward or Downward. Improved 
form with auxiliary scale. —10 to 200°C. in 
2° divisions, and special “dropping” device to 
facilitate “setting” ecch rdop of mercury having 
a definitely rated value in relation to the 
auxiliary scale. Range 5°C in 1/100° divi- 
sions. 


ANSCHUTZ THERMOMETER SETS 


Consisting of 7 enclosed scale thermometers each 
6” long 6 mm diameter with total range of 
—10 to 360°C complete velvet lined case. 


Available at lowest prices! 
SEND FOR OUR COMPLETE CATALOG 


THE 


INDUSTRIAL & SCIENTIFIC INSTRUMENT 
COMPANY 


5225 GERMANTOWN AVE., PHILADELPHIA 44, PA. 


Now avatalle... 


BSB US 


Acenaphthylene; Acetobromoglucose, '- Acetonedicarboxylic Acid, 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; cis- 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate, 
Adonidine; Alanyl lycine; Alkaloids, Amylase; 
Anserine; Arachidic Acid; Arachidonic Acid; 1|-Argininamide; 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; . 
benzoxychloride; Carnosine; Catalase cryst.; Couto Cerotic Acid; 
Cery!l Alcohol; a-Chloralose; 8-Chloralose; p-Chioroanilidophos- 
phonic Acid; p-Chloromercuribenzoate; Cholesterol Esters; Circule- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicyleldehyde; 
Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; —— Erucie Acid; 
di-Ethionine; Ethylenediamine Tetraacetic Acid; thylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycyiglycine; 
Glycylleucine; Glycyltryptophane; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 

i} b ic Acid; Isoascorbic Acid; Isocitric Acid; Isocytosine; 
Kynurenic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 
ide; 8-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; 8-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthyl Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
Phenylpyruvic Acid; Phosphopyruvic Acid; jocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 


Acid; Sodium Amide; Sodium Fluoroacetate; hingomyelin; Sphin- . 


ine; Stilbamidine; Sulfequinoxaline; Tantalum Chloride; o-Ter- 
m-Terphenyl; p-Terphenvl; Thiomalic Acid; B-Tocopherol; 
-Tocopherol; 8-Tocopherol Phosp! 
tigonelline; Tropic Acid; Tyrosinase; Urease eryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitamin Biz. 


Ask us for others! 


DELTA CHEMICAL WORKS inc. 


; 23 West 60th St. New York 23,N. 


Telephone PLaza 7 -6317 


AAR BB BSB BSB 


Peroxide Bomb Apparatus 


For rapid combustion and fusion 
reactions with sodium peroxide 


Only a few minutes are required to convert Sulfur, 
Halogens, Phosphorus and other elements to water-. 
soluble salts in sealed Parr bombs. 


The Parr 2001 apparatus shown above includes a 
22 ml. electric ignition bomb with all accessories for 
combustion tests. Similiar outfits are available with 
a 42 ml. electric bomb, also with 2.5, 8 and 22 ml. 
flame ignition bombs. 


Ask for Specification 2000 
INSTRUMENT COMPANY 
211 Fifty-Third St. Moline, Illinois 
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APPARATUS CHEM FD BUYER'S GUIDE CHEMICALS | 
EQUIPMENT SERVICES | 


e 123 Crystal lattice models e O Chemistry Pro- RA RE 
© Ball and Spoke Set. 50 balls {Jane of Send for New Lists 
with 26 holes in each ball A. D. MACKAY, INC. 
with 100 split spokes, for as- e Set of 14 translational lat- o ; 
sembling all basic crystal tices (Bravais) 198 Broadway, New York 38, N. Y. 
lattices. e Set of 18 lattices (Manzer) 
e@ School Set, for visualizing 7 Sets of 9 and 11 basic crystal 
basic chemical 
The a , models are made fr ooden balls, 
1 inch in dia., with glossy jules, gee with YOU, TOO, CAN USE 
spokes 3 inch thick. CHEM ED BUYERS’ GUIDE 
Write for price list Manufacturers, suppliers, and distributors of 
* chemical laboratory equipment and material, 
NAPHTHALENE . J Ld K L l N G E R JAMAICA 32, N. Y. faced with the problem of promoting one or 
more products which do not lend themselves r 
| MAGNESIUM FLUORIDE : vertisements, or which do not justify the use ‘ 
MERCURIC FLUORIDE | of more advertising space, find these small p 
Dis osable I ZINC FLUORIDE ] units offer just the right size and place for 
P Some of the many special chemicals we publicizing that extra or special item. Here 
Paper Beaker [ manufacture ] is YOUR ideal opportunity to sell that “mar- 
(Graduated) ; Write for our list-of rare chamiocks | ginal” or miscellaneous article or that new r 
CITY CHEMICAL CO gadget! ea 
paint lecquer, -——CHEM ED BUYER’S GUIDE—— 
olutions, 
edhesives, heavy oils. EDUCATORS 
Perform realistic science experiments for your Advertising Rates 
100 ml. size classes in — _ Physics, Biology, Botany, 
ee Agriculture and Engineering, with Modern Re ee. $12.00 per inch 
Use and throw away—save time Radio ISOTOPES. Now available for the first 
Trial lot of 50 beakers $2.00 time in Kit Form. Text Books included. Write EOE OE OCT ECO 13.90 per inch 
500 for 12.50; 1000 for 22.00 for Catalog Dept. CE, VIKING EDUCA- ; 
TIONAL PRODUCTS, 113 S. Edgemont St., Less than 6 insertions...... . 14.00 per inch 
Now available: 400 ml. size Los Angeles 4, Calif. 
| 500 42:50 7A biography of one of the 
immortals in science.... 
R. P. Cargille Laboratories, Inc. 


— His Influence on Science in America 


ANSELL-PLAX by Howard R. Williams 
all-polyethylene 
“This is the biography of one of the immortals in science, Edward 
WASH BOTTLES Williams Morley, professor of chemistry and natural history from 


1869 to 1906 at Western Reserve College and University.” 
SQUEEZE — 
THAT’S ALL 


Get the stream you 
want. Can't break 
...won't slip. It’s 
unaffected 
owen acids or al- , 
; kalies. Specified 

_ for use by labora- 
tories everywhere 
overnment,insti- 
tu ional, industrial. 


“This biography tells not only of scientific achievements but also 
portrays the character and human qualities of a truly great man. 
The reader seems to be transplanted to a very different period from 
today, the nineteenth century. The author writes his story with a 
feeling of affection and admiration for his subject and in turn this 
feeling is passed on to the reader. From this biography, the reader 
will know not only Morley the scientist but also Morley the man.” 


“This book is recommended to the many who enjoy biography, to 


ONLY ANSELL-PLAX, FIRST POLYETHYLENE chemists and other scientists. Students in high school and college, 
: WASH BOTTLE, HAS THE PATENTED* when the going is sometimes hard, will be inspired in their own work 
| DISPENSING ASSEMBLY THAT MEANS by the examples of Morley’s victories over discouragements and by 
a e NO LEAKING, SEEPING OR NECK SPRAY his devotion to scientific pursuits. With its good format, typography 


and binding, the book might well be a most acceptable gift. It 


QUICK, EASY REMOVAL OF CAP should find a place in all public and school and university libraries as 


well as on the shelves of most chemists.” 
in set-up NORBERT A. LANGE, Marion Cleaveland Lange 
your lab supply house or write us directly, J al of Chemical Education, March, 1958 
*fitment covered by U.S. Patent #2783919 
293 pages $6-5° 
H. ANSELL & SON, IN 
CHEMICAL EDUCATION PUBLISHING CO. 
ummer St., Boston 27, Mass. 
Easton, Pennsylvania 
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CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


DEMINERALIZED WATER 


from 
TRICKLES to TORRENTS 


Plenty of 
99.9999 
Pure Water 
For Class Use 


Exceptionally convenient 
table model demineral- 
izer, featuring continu- 
ous flow rates a to 60 
gals, per hour. Instant 
connection to faucet. 

Has direct ——— purity meter and 
choice of two kinds of reein refills to 
$59.50 Other models 


Write for descriptive literature 


ION EXCHANGE PRODUCTS, INC. 
4985 N. Elston Chicago 30, Ill. 


SPECIFY KERN 


When you want to 

combine accuracy 

and efficiency in a 

sturdy instrument 

a moderate price 
. specify 


KERN 


FULL-CIRCLE 


POLARIMETER 


available through your lab supply dealer 
Ask for Bulletin KP 567 


5 Beekma’ 
KERN COMPANY jew vou 33 


NOW OVER 18, 000 


CHEMICALS 


e Titanium Tetraiodide 
Titanium Trisulfate 
6-Tocopherol 
a-Tocoquinone 
o-Tolualdehyde 
m-Tolualdehyde 
p-Tolylsemicarbazide 
Triacetoneamine 
Triallylamine 

1,2,3-Triaminopropane 

4,5,6-Triaminopyrimidine 

Triazole 

Trichlorogermane 

Trichlorosilane 

@ Triethanolamine Trinitrate 

@ Triethyl Antimony 

e Triethyl Borate 

Triethylcholine 

@ Triethylenemelamine 

@ Trimethyladipic Acid 

e Trimethyl Antimony 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


17 West 60th St. New ‘York 23, hee 
Plaza 7-817) 


TETRAHYDROXYQUINONE and Disodium Salt 
ARSENAZO e CYCLOHEXENYLACETONE 
Write for listing of other fine organic chemicals. 


EASTERN CHEMICAL CORPORATION 


34-A Spring Street 
Newark 4, N. J. 


RARE and FINE ORGANICS 


o-TOLUALDEHYDE 
m-TOLUALDEHYDE 
p-TOLUALDEHYDE 


o-FLUORO BENZALDEHYDE 
m-FLUORO BENZALDEHYDE 
p-FLUORO BENZALDEHYDE 


o-NITRO BENZALDEHYDE 
m-NITRO BENZALDEHYDE 
p-NITRO BENZALDEHYDE 


o-BROMO BENZALDEHYDE | 


m-BROMO BENZALDEHYDE 
p-BROMO BENZALDEHYDE 


Write for Free Catalog #3 
#4 is in Preparation Now 


LABORATORIES 


Incorporated 
177-10 93rd Ave., Jamaica 33, N. Y. 


N-Hydroxyphthalimide % 
2,6-Dichlorobenzaldehyde 
Also Custom Syntheses 


FRINTON Laboratories 
Box 707, Vineland, N. J. 


Unique... 
RUBBER FLASK SUPPORT 
ond TEST TUBE RACK" 


Same ring turned over. 


RUBBER FLASK SUPPORT 
for all size flasks 


Durability: Resists heat & flame. Outwears cork. 
Ideal for immersion reactions. 

Safety: Syntends pressure without cracking. Can- 
not 

intention ‘Its rubber ¢ ition will tee many 
years of service. Connct weer out. 

Ring “A” for 100—5000 ml flasks $1.90 Ea. Six 
$1.80 Ea. Twelve $1.70 Ea. 

Ring “B" for 12—72,000 ml flasks $3.35 Ea. Six $3.10 
Es. Twelve $2.85 Ea. 


LAB-RING & EQUIPMENT CO. 
38 E. Charlotte St., Ecorse 29, Michigan 


MEL-T! teme® an integrated 
capillary melting pet appara- 
tus reaches = effortlessly 
in only 6 minutes. 
MEL-TEMP is useful to 500°C 
and renders obsolete the usual 
combination of hazardous fluid- 
bath plus sluggish high 
temperature block. Heater is 
controlled by variable trans- 
former and excellent viewing is 
ovided by built-in light and 
ens. Attractive gray hammer- 
tone base occupies only 4”x5”. 


only $97.50 includes 
400°C thermometer and m.p. capillar- 
ies. F.0.B. destination in U.S.A. from stock. 

Write for LABORATORY DEVICES 
Bulletin 60 p.o, BOX 68, CAMBRIDGE 39, MASS. 


WIDE-ANGLE PROTECTION 180°/360° 
Send for Catalog 


INSTRUMENTS 


RESEARC 
INDUSTRY 
CHELTENHAM, 


TEMPERATURE 
CONTROLLER 


INSTRUMENTS for 
RESEARCH and 


WITH THERM:O-WATCH- 


Your MANOMETER can soumd 
ef @ PRESSURE 


_WARNING a! 


INSTRUMENTS for 
RESEARCH ond 
inoustay 
cw Pa 


CONTROLLER 


INSTRUMENTS for 
RESEARCH and _ 


DISTILLATION 
| 


e for 
P-3 
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Toledo 
CHEMISTRY PLACEMENT EXAMINATION 


Now auailatle to 
COLLEGES 
and 
UNIVERSITIES 


Write for free literature. 


Sample examination 50¢ 


RESEARCH FOUNDATION 
UNIVERSITY OF TOLEDO 
TOLEDO 6, OHIO 


HELLER 


MIXER 


VARIABLE DC SPEEDS FROM AC LINES ) 


@ Thyratron tubes on the Heller _—viscous or fluid. Variable, reversi- 
GT-21 controllersupply demanded ble motor has direct and gear 
current by converting power in drive. Armature shaft speed, 
stepless variation to the direct  0-5000 rpm. Gear shaft 18:1 ratio. 
current motor. Assures constant Chuck, shafts, 3-step pulley 
torque as mixes become either included. 


Order from your Laboratory Supply Dealer or write— 


GERALD K. HELLER CO. 


2673 South Western Street © Las Vegas, Nevada © P.O. Box 4426 


Now available... 


the definitive edition 


TESTED DEMONSTRATIONS 
IN CHEMISTRY— 


This volume, the fourth edition of a 
publication designed to support the 
imagination and ingenuity of chemis- 
try professors, carries under one cover a 
collection both definitive and complete. 


CONTENTS 


e All the “‘Tested Demonstrations in General Chemis- 
try” by Professor Hubert N. Alyea, Princeton University, 
which appeared each month in the Journal of Chemical 
Education during the years 1955 and 1956. 


e@ “Demonstration Abstracts,” compiled by Professor 
Alyea, started as a monthly feature in January 1957, and 
are collected for the first time in the present volume. 
These are abstracts of all the demonstrations which 
appeared in the Journal ef Chemical Education from 1924 
through 1956 (33 volumes). 


e “Chem Ed Tested Demonstrations,” edited by 
Professor Frederic B. Dutton, Michigan State University. 
72 such demonstrations are included in this volume. 
These have captured the interest of teachers in schools 
and colleges over the entire world and its list of con- 
tributors is truly international. 


e Complete Index: This is a selective index, designed to 
be suggestive and helpful but not to do all the work for 
the reader. So vast a literature as that here covered 
(36 volumes of the Journal of Chemical Education) con- 
taining voluminous details, cannot be classified under a 
reasonably sized list of topics. Nevertheless, an index 
enhances the usefulness of this volume as an adjunct to 
the more extensive annual and cumulative indexes of the 
Journal of Chemical Education. 


168 pages 8A" X 11” 


$3.00 EACH 


10-19 copies, 2.75 EACH 
20 or more, 2.50 EACH 


CHEMICAL EDUCATION PUBLISHING CO. 
20TH AND NORTHAMPTON STREETS EASTON, PA. 


Ty 
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| ‘‘MODERNLAB’’ TEMPERATURE EQUIPMENT 
Now auailatde COVERING RANGE 86° F. (30° C.) TO 1200° F. (649° C.) SENSITIVITY 
eee +0.5° C. (0.9° F.) IN ALL MODELS, ALL SIZES AND ALL PRICE RANGES. 


JOURNAL OF 
Chemical 
journal OF Chemical Education 
Education Volumes 26 through 35 MODEL NO. 1715 


\ (1949-1958) PRICE COMPARISON 
| GRAVITY CONVECTION 


\ This index has Model Int. Size Price 
\ been prepared o 
10 14 15 55. 
| ve Index withthe special i712 20 °205.00 
\ Comuloti interests of the 1715 30 18 25 375.00 
\ J.-Chem.-Ed. 
\ user in mind. FORCED DRAFT 
Not only are w D Hi 
| tional entries 1715M 30 18 25 475.00 
| made by 
\ author, Close Controlled Equipment 
\ title, and our specialty 
inverted OVENS EXPLOSION PROOF ta 
vail title, but OVENS SUPERTEMP Particle Reduction 
many suggestive subject listings have been used. For ex- INCUBATING ROOMS Oven 1200° F 
ample, reference to an article entitled ‘Infrared Spectra of HUMIDITY CHAMBERS 
Chemisorbed Molecules’”’ can be found under “acetylene,” HOT & COLD CABINETS Ask your dealer for details 


one of the compounds discussed. Preparation of the index 


involved hundreds of hours of careful checking not only of MODERN LABORATORY f?"\, EQUIPMENT C0., INC. 


annual indexes, but the original articles for subject content. 1811 FIRST AVENUE ° * NEW YORK 28, WN. Y. 


zane 
For the busy teacher the index will be a valuable time 
saver. Students will find it to be an excellent place to start 
on a term paper assignment. For those preparing text or 
laboratory materials it will be an indispensable first-place-to- 
look for reference to both J. Chem. Educ.-type review articles 
and to reports of successful experiments in teaching. The 
more than 5000 subscribers who have begun their personal 
‘ files of the Journal in recent years will find that this one smali 
volume puts extra years of the “living textbook of chemistry”’ LL 
$2.50 per copy eo 


on their shelves. (Postpaid) EX ELO 
Wee 
STOPCOCKS 


SAVE $2.00 Leak Proof... 
Freeze Proof 
10 year Cumulative Index Yours with Will-EXELO graduated 
(Vol. 26-35) $2.50 burettes and separatory flasks of 
borosilicate glass . . . precision 


changeable body, key stopcocks. 


Send for brochure. 
Buy both for only $4.50* —— 


* A limited number of copies of the 25 year Cumulative 
Index have been set aside for this special offer. Take 
advantage of this saving by ordering today! 


WIL CORPORATION 
: and subsidiaries 

e Rochester 3,N.Y. New York52,N.Y. Buffalo 5, N.Y. 
CHEMICAL EDUCATION PUBLISHING CO. e Atlanta 25, Ga. e Baltimore 24, Md. So. Charleston 3, W. Va. 


20th & Northampton Streets Easton, 
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Agency: Heller Creative Adv. 
Ainsworth & Sons, Inc., Wm........ A317 
Agency: Walter L. Schump Adv. 
Agency: Firestone Adv. Agency 
Agency: Benton & Bowles, Inc. 
Aloe Scientific Division of A. S. Aloe 
Co.. 
Agency: ‘Frank. Block * Associates 
American Sterilizer Co............. A332 
Agency: Altman-Hall Associates Adv. 
Analytical Measurements, Inc....... A373 
Agency: The Stuart Co. 
Angel & Co., Inc., H. Reeve........ A313 
Agency: Eckstein-Stone, Inc. 
Anton Electronic Laboratories, Inc... A306 
Agency: Molesworth Associates 
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zine for you! 


Chemical Instrumentation—just what we needed! 
Most valuable series! 


Useful in considering equipment purchases! 


(quotes from letters to our editors) 


These are sweet words to our editors and they encourage us to 
continue serving you, our readers, in accordance with your needs. 


Now, may we ask you to go a step further? When you receive 
useful information resulting from the messages in our advertising 
columns, be sure fo tell the respective advertisers that your inquiries 
were prompted by what you saw in the Journal of Chemical Educa- 


These will be “sweet words” to the advertisers and, in return, 
their continued use of JCE will make it a better and better maga- 
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